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THE SHOOT APEX IN BOMBAX 
Marion A. JOHNSON AND ROBERT J. TOLBERT 


The structure and development of the shoot apex is known for relatively 
few tropical woody plants; a large number of species in many families await 
study before the range in structure of the angiospermous apex can be appre- 
ciated. Moreover, if tropical floras are as ancient as accumulating evidence 
would indicate, it is imperative that they be investigated thoroughly before 
a concept of the primitive angiospermous apex can be formulated. This 
paper is the first report from a series of studies now in progress in the tropi- 
cal and temperate members of the Malvales. 

The genus Bombaz, comprising some 60 species of trees, is distributed 
widely in both the old world and new world tropics. Many of the species are 
giant trees ; temperate zone botanists who have had the good fortune to visit 
Barro Colorado Island, C.Z., will recall the elegant specimens of Bombar 
fendleri Benth. (Bombacopsis fendleri (Seem.) Pittier) growing in the rain- 
forest ; one specimen on the Allison Armour Trail is said to be 200 feet tall 
and 190 feet in circumference at the base. This almost unbelievably large 
base is accounted for by enormous buttresses, a characteristic found to be 
well developed in many species of the genus. The leaves are digitately com- 
pound and apparently deciduous: in Costa Rica B. barrigon (Seem.) Deene. 
and B. sessile (Benth.) Bakh. are deciduous during the dry season (Allen, 
1956) ; B. fendleri on Barro Colorado Island, C.Z., drops its leaves in Janu- 
ary and new ones do not appear until the trees have flowered and borne ripe 
fruits (Standley, 1933) ; and B. malabaricum of tropical Asia is not only 
deciduous where there is a marked dry season, but in Singapore and West 
Java with a fairly evenly distributed rainfall, it is leafless for about 3 months 
(Richards, 1952, p. 196). Bombaz is also notable for the copious growth of 
hairs from the inner surface of the ovary; a silk cotton is obtained from this 
source in B. malabaricum. 

Materials and Methods.'—Buds were collected from 7 species of Bombax 
by the senior author as follows: Bombaz barrigon Deene. from Barro Colo- 
rado Island, C.Z., (numbers CZ-5, CZ-6, CZ-8, CZ-58); Bombaz céiba L. 
from the Atkins Garden, Cuba, and from the U.S.D.A. Plant Introduction 
Gardens, Florida, (numbers USDA-1, USDA-2, USDA-3, CU-92); Bombax 
ellipticum H.B. & K. from the Federal Experiment Station, Puerto Rico, 


1 Assistance given the senior author by the Directors of the botanical gardens from 
which the materials for this paper were collected is acknowledged with thanks. 
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(number PR-105) ; Bombax flaviflorum Pulle from British Guiana (number 
BG-16); Bombax malabaricum D.C. from Summit Gardens, C.Z., Royal 
Botanic Garden, Trinidad, and Hope Botanic Gardens, Jamaica, (numbers 
CZ-70, T-11, T-12, J-11); Bombax fendleri Benth. and Bombaz sessilis 
(Benth.) Bakh. from Barro Colorado Island, C.Z., (numbers Cz-3, CZ-6, 
CZ-7, CZ-31, and Cz-10, CZ-11, respectively. All material was sterile except 
that of B. flaviflorum; as a consequence, identification was made from local 
manuals or herbarium specimens, or the identification given in the several 
botanic gardens listed above was accepted. Herbarium vouchers under the 
numbers assigned to each of the above species are on deposit in the Chrysler 
Herbarium of Rutgers—the State University. 

Apices were dissected from dormant buds, from recently opened buds, or 
from buds of branches bearing a flush of young leaves (see Table 1). Fixa- 


TABLE 1. Data from comparative study of the shoot apices of ? species of Bombaz. 
The figures given for height do not include all the apices examined ; frequently the apical 
meristem did not extend above the azxil of the first leaf primordium. 
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Diam. Height Diam. Depth. Leo Z Zz, 
Bombax ceiba L. 150-388 12-57 101-150 98-194 50-88 26 
B. malabaricum D. C. 157-355 12-88 65-159 62-155 6-50 23 
B. barrigon Deene. 109-259 6-46 68-133 126-164 72-96 13 
B. ellipticum HB&K. 212-260 8-14 70-133 101-130 87-94 7 
B. flaviforum Pulle. 153-311 19-68 80-150 79-129 38-77 16 
B. fendleri Benth. 112-245 5-40 54-85 112-245 50-95 1-2(?) 25 


B. sessile (Benth. ) 
Bakh. 151-238 4-16 56-108 75-94 84-95 1 35* 
*The metrameristem was sufficiently discrete for reliable measurements in only 9 
of the 35 apices studied in this species. 


tion was in formalin-acetice acid-aleohol or formalin-propionic acid-aleohol. 
All material was softened in an alcoholic solution of hydrofluoric acid, dehy- 
drated in a tertiary butyl alcohol series, embedded in Tissuemat, microtomed 
at 5 » to 10 », and stained in Heidenhain’s hematoxylin and safranin, or in 
iron-mordanted safranin and celestine blue according to the schedule pro- 
posed by Gray and Pickle (1956). 

Terminology.—Metrameristem? (Gr. métra : womb + meristem )—The 
central part of the shoot apex which maintains itself, contributes peripher- 
ally to the growth and organization of the apex, but exhibits little or no evi- 
dence of tissue segregation. Topographically it extends distally from the 

2 We are grateful to Dr. Shirley Smith, Professor of Classical Languages, of Doug- 


lass College, Rutgers—The State University for advice in the selection of the term 
“metrameristem”. 
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pith mother cells or the pith rib meristem to the surface of the apex; in 
protostelic forms its lower limit is marked by the core of procambium. Later- 
ally the metrameristem is bounded by a flanking meristem; files of small 
cells in the inner part of the flanking meristem may isolate the metrameri- 
stem topographically as a conspicuous central cup-like zone. Cytologically in 
zoned apices the metrameristem may or may not exhibit such characteristic 
features as large cell size, conspicuous vacuolation, thickened cell walls, 
and a tendency for related cells to be disposed in blocks. These features when 
present may occur singly or in various combinations throughout the zone. 

The introduction of a new term into the complex of terminology that has 
accumulated during the last 25 years of intensive study of the shoot apex 
is worthy of comment and justification. Question may be raised as to whether 
metrameristem, coined from metra (womb) and meristem, is appropriate in 
description of the shoot apex. The implication in selecting the Greek word 
metra is obvious and is fulfilled in that the zone of metrameristem contributes 
to the flanking and pith rib meristems. In addition metra was used by Theo- 
phrastus (Enquiry into plants. I-VI-1) in designating the ‘‘core,’’ i.e. the 
heartwood of trees; likewise, in the apex we would employ it to designate 
the central portion topographically. Thus, the term metrameristem literally 
implies organic and topographic relationship to the remainder of the shoot 
apex. 

We believe that metrameristem as defined in this paper can be applied 
with advantage to the central portion of the shoot apex throughout vascular 
plants whether it be cytologically distinct or sharply delimited histologically, 
provided, of course, that pith mother cells or a pith rib meristem are evident 
in siphonostelic species. Furthermore, we believe that the concept embodied 
in metrameristem holds promise for the establishment of homology within 
the shoot apex and consequently will be valuable in comparative treatment. 

In gymnosperms the metrameristem consists of the surface initials, and 
the central mother cell zone when present. In angiosperms it roughly con- 
sists of a core or cup-shaped zone ‘of the tunica and corpus above the pith 
mother cells or pith rib meristem. Specifically it encompasses: the central 
part of the mantle and central mother cell zone of Popham and Chan in 
Chrysanthemum morifolium (1950) and of Millington and Fisk in XYanthium 
pennsylvanicum (1956), the cup-shaped central zone reported by Millington 
and Guneckel (1950) in Liriodendron tulipifera, the meristeme d’attente of 
Buvat (1952), and the cup-like or cylindrical zone of many authors (re- 
viewed by Gifford, 1954) which is cytohistologically distinct from the flank- 
ing and pith rib meristems. Admittedly the metrameristem as a discrete zone 
is difficult or even impossible to delimit in many angiospermous apices; 
however, lighter staining qualities as compared with the surrounding cells, 
cellular configuration, and the presence of small files of cells in the inner 
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part of the flanking meristem or the presence of the interzonal region de- 
scribed by Popham and Chan (1950) for Chrysanthemum morifolium assist 
in delimiting it. 

Research on the shoot apices of pteridophytes has clearly shown that the 
zonation found in many spermatophytes is lacking in this diverse group of 
vascular plants. Nevertheless we believe that the concept of metrameristem 
is equally applicable here also; however, we propose to defer discussion of 
this point until a later paper. 

Results.—Bombax ceiba. Apices were studied from dormant buds and 
from branches with young leaves emerging from the covering of stipular bud 
scales. The shoot apex in this material is broadly dome-shaped (figs. 1, 2, 3) 
and is relatively large for an angiosperm (Table 1). The largest, at maxi- 
mum volume, measures 388 » in diameter by 57 uw high at the level of the 
first leaf primordium; while the smallest, also at maximum volume, is 150 u 
in diameter by 12 wu high. 

A sharply delimited zone, the metrameristem, is easily the most conspicu- 
ous feature of the apex of B. cetba; it is shown at relatively low magnifica- 
tions in figures 2 and 3 and in detail in figure 1. 

In the 2 apices for which measurements are given in the preceding para- 
graph the metrameristem is 110 » in diameter by 112 » in depth, and 106 » 
in diameter by 106 » in depth respectively. Our material undoubtedly is too 
limited in amount to give the range in size of this zone; even so, measure- 
ments vary from 101 » to 150 » in diameter and from 98 » to 194 » in depth. 
Inspection of the data in Table 1 shows that the metrameristem is not con- 
fined to the apical dome, but that 50% to 88% lies beneath the level of the 
axil of the youngest leaf primordium. 

A layer of tunica occupies the free surface of the metrameristem. These 
initials may be isodiametric in shape; they may be deeper than broad or 
markedly flattened as though under pressure. Occasional underlying cells 
appear to project between the cells of the tunica, further suggesting that 
the tunica may be under considerable pressure from the expanding corpus 
(fig. 1). 

That portion of the metrameristem beneath the tunica, in shape and in 





Figs. 1-3. Bombaz ceiba. Photomicrographs of median longitudinal sections through 
the shoot apex. Fic. 1. Apex from dormant bud. The central core of cells, designated as 
the metrameristem, is surrounded and underlaid by the flanking and pith rib meristems 
respectively ; in the metrameristem note: conspicuous wall-thickenings, blocks of cells, 
plastids, and that occasional cells from below project between the tunica initials. x 670. 
Fie. 2. Apex from branch bearing a flush of fully expanded young leaves. x 300. Fig. 3. 
Apex from branch with young leaves just breaking from the bud. Compare with figs. 1 
and 2; note similarity in zonation even though these apices are from branches in 3 stages 
of growth. x 270. Fie. 4. B. faviflorum. Apex from growing branch showing typical zona- 
tion. x 270. Figs. 5 and 6, B. ellipticwm. Apices from dormant buds. Compare for degree 
of zonation; the flat-topped apex is typical for our material of this species. x 270. 
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histological characteristics is highly reminiscent of the central mother eel] 
zone of Ginkgo (Foster, 1938) and of certain cyeads (Foster, 1939, 1943, 
and Johnson, 1939, 1944). The cells are large, prominently vacuolate, cop- 
tain plastids, and have conspicuously staining wall-thickenings where several 
individual cells join. Frequently these thickenings may be so massive that 
the protoplasts appear to be suspended in an intercellular matrix giving the 
apex a distinctly pathological appearance (fig. 1). 

Cellular orientation in the flanking meristem is largely parallel to the 
surface of the apical dome; this stratification, however, is interrupted fre- 
quently by periclinal walls. The protoplasts display little vacuolation and 
the walls are thin; both the conspicuously staining thickened walls and 
plastids, so characteristic of the metrameristem, are lacking (fig. 1). Massive 
foliar buttresses arise high on the flanks of the apical dome and involve 
almost all of the flanking meristem on the side of the apex at the level of 
origin. The pith rib meristem is well developed but is not sharply separated 
from the flanking meristem since both consist of conspicuous files of cells 
radiating from the metrameristem (figs. 1, 2, 3). 

Neither growth within the metrameristem nor the extent of the contribu- 
tion to the pith rib and flanking meristems could be assessed by the presence 
of mitotic figures ; however, division figures were exceedingly rare elsewhere 
in our material. Frequent occurrence of blocks of cells within the original 
mother cell wall clearly suggests that division has taken place within the 
metrameristem (fig. 1). 

The zonation described herein for B. ceiba is clearly marked in apices 
from opening buds and also from dormant buds. 

Bombax malabaricum.—The following description is based upon apices 
collected from trees in the Trinidad and Hope Botanic Gardens, and from 
young specimens 4 feet all in the nursery of the Summit Gardens. Buds were 
either dormant on branches bearing mature foliage, or from branches with a 
flush of new leaves. The shoot apex in this material closely resembles that 
of B. ceiba in size, general shape, and internal structure as may be seen by 
comparing figures 7 and 8 with figures 1, 2 and 3, and the data for the 2 
species in Table 1. 

The tunica is a single layer; however, pronounced irregularity occurs in 
the surface and subsurface cells in 4 out of the 23 apices studied. In 2 apices 
cells from below appear to project into the uniseriate tunica; a condition 
similar to this is seen occasionally in B. ceiba. The irregularities in the other 
2 apices appear to be the result of periclinal divisions in the tunica; a very 
thin cell wall separates an occasional cell into 2 small cuboidal cells of equal 
size. The irregularities reported here are confined to the metrameristem. 

* The thickened walls of the metrameristem are not nearly so prominent as 
in B. ceiba. Plastids are abundant in the metrameristem of the material col- 
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lected in the Hope Botanic Gardens but are absent from the collections made 
in the Summit and Trinidad Gardens. 

Zonation is equally distinct regardless of whether the apices are from 
trees or young plants, from dormant buds of branches with mature foliage, 
or from branches bearing a flush of very young leaves. 

Bombax barrigon.—Material of this species is from dormant buds col- 
lected from large trees and the terminal bud of a rapidly growing seedling 
3 feet all. In shape the apex is either a flattened dome or a low plateau (fig. 
11) and is somewhat smaller than that of B. ceiba (Table 1). The zonal 
structure in both the seedling apex and the apices from the dormant buds 
of the large trees is very similar to that in &. ceiba (compare fig. 11 with 
figs. 1,2). The shape of the metrameristem varies from a cone to a cylinder 
with a rounded bottom and is often constricted at or above the middle 
(fig. 11). 

The uniseriate tunica is underlaid with 2 or more layers of cells in which 
occasional periclinal walls oceur. The remainder of the metrameristem is 
composed of irregularly packed cells often disposed in blocks and with 
primary wall thickenings similar to those seen in B. ceiba. These cells are 
larger than those of the flanking and pith rib meristems, contain plastids and 
one or more large vacuoles. 

Bombax ellipticum.—Unfortunately our material of this species is lim- 
ited to 7 dormant buds from a single tree. In each bud the apex is a broad, 
low, flat-topped dome and does not exceed 14 » in height (figs. 5, 6). The 
metrameristem, although readily recognizable, is not nearly so discrete as 
in B. ceiba, B. barrigon, B. malabaricum, or B. flaviflorum ; careful measure- 
ments, admittedly somewhat arbitrary, are less than those for B. ceiba 
(Table 1). 

The tunica probably is confined to a single layer, but in 3 of the 7 apices 
is underlaid by 2 or 3 apparently discrete layers (fig. 6); our material is 
too limited to yield decisive information on this point. The cells of the re- 
mainder of the metrameristem are either stratified (fig. 6) or crowded into 
an irregular pattern (fig. 5). In either instance, the differential in cell size, 
and vacuolation between the metrameristem and the flanking and pith rib 
meristems is not nearly so great as in other species of Bombax reported in 
this paper. The orientation of the cells of the flanking and pith rib meristems, 
however, aids in recognition of the metrameristem. (Compare figs. 5, 6 with 
any of the other apices illustrated.) Plastids are absent from the metra- 
meristem. 

Bombax flaviforum.—Buds were collected from the crown of a tree 
bearing both flowers and ripening fruits. The apex, in shape, size, and zona- 
tion, is similar to that of B. ceiba (fig. 4 and Table 1). 

The tunica is probably uniseriate, but stratification may extend to a 
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second layer of the metrameristem ; its cells as seen in longitudinal sections 
are wider than deep and seem to be under pressure from the expanding cor- 
pus. The metrameristem is a very definite zone for which reliable measure- 
ments were readily made (Table 1). The most conspicuous features are 
large cell size and a high degree of vacuolation ; the cells may be 4 to 5 times 
the size of those in the flanking and rib meristems (fig. 4). Dark-staining 
wall thickenings are confined to the center of the metrameristem ; plastids 
are lacking. 

Bombax fendleri.—All buds studied were collected from branches bear- 
ing both young and mature leaves. The apex varies from a flattened dome to 
alow plateau at minimum volume (fig. 9, Table 1). A majority of the apices 
appear to have 2 layers of tunica (fig. 9), although in several apices peri- 
clinal walls occur in the subsurface layer. 

The metrameristem is either distinct or so poorly delimited that there is 
no visible boundary between it and the flanking and pith rib meristems. 
Specimens with distinct zonation (fig. 9) have large centrally placed vacuo- 
late cells; these often are rounded, have conspicuous wall thickenings, and 
contrast sharply with the more densely protoplasmic cells of the flanking 
and pith rib meristems. Plastids are lacking. In comparison, apices with 
inconspicuous zonation have few large, vacuolate cells in the metrameristem ; 
rather there is almost no distinction between the metrameristem and the 
surrounding cells. In such apices the metrameristem may be stratified 
throughout. 

Bombax sessilis.—The apex is a low dome in this species; the largest, out 
of 35 examined, is 238 » in diameter and the smallest 151 » in diameter, 
while the height varies from 4 » to 16 » (Table 1). The majority of the apices 
possess a uniseriate tunica although several appear to have 2 distinct layers 
instead (fig. 10). 

The basic pattern of zonation (fig. 10) is similar to that deseribed for 
the other species of the genus, but there is considerable difference in degree ; 
for example, the metrameristem below the tunica in dormant buds is largely 
composed of either crowded, irregular blocks of cells with primary wall 
thickenings, or of cells aligned vertically into short ribs 2 or 3 cells in length. 
The difference in vacuolation between the metrameristem and the flanking 
and pith rib meristems may be sharp and distinct (fig. 10), or again, the 
usual conspicuous vacuolation in the metrameristem may be lacking and 





Figs. 7 and 8. Bombax malabaricum. Apices, near minimum and maximum volume 
respectively in the plastochron cycle, from vigorously growing plants 4 feet all. x 300 
and 330 respectively. Fig. 9. B. fendleri. Apex from growing branch, the metrameristem 
in this species may be much less discrete than shown in this photomicrograph. x 380. 
Figs. 10 and 12. B. sessilis, Fie. 10. Apex from dormant bud. x 380. Fie. 12. Apex from 
very small branchlet, note absence of discrete metrameristem x 305. Fie. 11. B. barrigon. 
Apex from dormant bud illustrating zonation whieh was equally distinet in the apex of 
a rapidly growing seedling 3 feet tall. x 270. 
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the 3 zones may be about equal in vacuolation. The degree to which zonation 
is evident may be due both to the characteristics of the metrameristem itself 
and to the presence or absence of recent cell division at the inner edge of the 
flanking and pith rib meristems. Mitotic activity here develops a prominent 
region similar to that described by Popham and Chan (1950) in Chrysan- 
themum morifolium. 

The metrameristem, where zonation is distinct enough so that it can be 
measured with some degree of reliability, varies from 56 » to 108 » in 
diameter and from 75 » to 90 » in depth. Plastids are lacking in the metra- 
meristem of all the apices collected from this species. 

Apices from small lateral branchlets show little zonation (fig. 12). The 
metrameristem beneath the tunica is stratified, although occasional periclinal 
walls occur. While the cells of the metrameristem are generally larger than 
their derivatives, even so, the limits of the zone are not distinct except in a 
few instances where periclinal division had recently occurred in the flank- 
ing meristem. The pith rib meristem tends to be restricted to a few short 
ribs of elongated cells, although this feature is not shown in the apex illus- 
trated (fig. 10). 

In a third collection, made from rapidly growing shoots some of which 
can be described only as ‘‘ water sprouts,’’ zonation is indistinct. Stratifica- 
tion parallel to the surface of the low dome often extends throughout the 
metrameristem and flanking meristem except for a few periclinal walls. The 
cells in these indistinct zones are of about the same size and show little dif- 
ference in vacuolation. Conspicuous wall thickenings are absent in the 
metrameristem region of all the apices in this collection. Occasionally an 
apex was located in which the cells of the metrameristem were slightly larger 
than their derivatives and with numerous periclinal and oblique walls. It 
may be that these characteristics foreshadow a more marked zonation which 
may be developed as the plants enter the deciduous period in January. 

Discussion.—This study must be rated as exploratory in nature since 
material from only 7 out of some 60 species of Bombax was obtainable and 
also because the extended collection necessary to show plastochronic or sea- 
sonal changes in the structure of the shoot apex could not be made. Never- 
theless, four noteworthy features have come to light: 1) two instances of 
periclinal walls in the tunica initials, 2) an apex of relatively large size for 
angiosperms, 3) a prominent core of tissue within the apex which we have 
designated as ‘‘metrameristem.’’ and 4) a remarkably well-defined pattern 
of zonation. 

The occasional occurrence of periclinal walls in the superficial layer of 
the shoot apices of Crepis rubra and Chrysanthemum morifolium have been 
described by Rauh and Reznik (1953) and by Popham (1958) respectively. 
This feature is now reported for a third dicotyledon, Bombax malabaricum, 
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and thus may be of more frequent occurrence among angiosperms than has 
been supposed. 

The shoot apex of Bombaz is large for an angiosperm; of 59 species 
cited from the literature by Gifford (1954), only those of Opuntia, Echino- 
cereus, Coryphantha, Mammalaria, and Phoenix surpass it. More recently 
Boke (1959) has reported further large apices for Pelecyphora and Euceph- 
alocarpus. 

The measurement of apices is a plazuing problem; standard procedure 
has been to take the dimenions of the free part of the apex above the level 
of the first leaf primordium for comparative purposes. Parke (1959) has 
graphically called attention to the fact that the apical dome in Abves con- 
color above the first leaf primordium may contain varying amounts of apical 
meristematic tissue depending upon the stage in growth. He found that 
during the resting phase, part of the mother cell zone and all of the pith 
rib meristem were below the first leaf primordium while during the second 
growth phase all of the mother cell zone and a considerable part of the pith 
rib meristem were in the free dome above the first leaf primoridum. We be- 
lieve that for comparative purposes not only the dimensions of the apex 
above the first leaf primordium but also the size of the metrameristem should 
be taken into account, where it is obtainable with a reasonable degree of ac- 
curacy. This could be a partial solution to the problem encountered in as- 
sessing the extent of the meristem in species with flat-topped or slightly con- 
cave apices. Where the zone of metrameristem is not sharply delimited 
eytologically or histologically, a figure representing the depth of the metra- 
meristem obtained by measuring distally to the surface of the apex from 
the pith mother cells or the pith rib meristem or even from the earliest ma- 
turing pith cells would be useful. 

In Bombax, the metrameristem immediately commands the attention of 
the observer. Certainly it is the first zone to catch the eye in our photographs 
and is clearly visible before the paraffin is removed in preparation for stain- 
ing. Taking the structure of the shoot apex of B. ceiba as the standard of 
comparison, there is great similarity in the metrameristem in B. cerba, B. 
barrigon, B. ellipticum, B. flaviflorum and B. malabaricum. Individual 
apices of B. fendleri and B. sessilis may closely resemble those of B. cetba, 
but in many instances the cell walls show little or no characteristic thicken- 
ing while cell size and vacuolation in the metrameristem approximates that 
of the flanking and pith rib meristems. The possibility that this represents 
stages intermediate between vegetative and floral apices seems to be ruled 
out by the fact that none of the material of these species was collected from 
the crowns of flowering size specimens. 

The differences between B. fendleri, B. sessilis and the B. ceiba type 
apices may possibly reflect species characteristics. Pittier (1916) transferred 
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Bombax fendleri Seem. and Bombaz sessilis Benth. to the genus Bombacop- 
sis Pittier. The ‘key’ characteristics separating the genera, as cited by 
Standley (1928), are: ‘‘Bombax, stamen tube short, thick; stamens over 
1,000’ and ‘‘Bombacopsis, stamen tube elongate, slender; stamens fewer 
than 100’’. Judgment as to whether the structure of the shoot apex supports 
the transfer of these species to the genus Bombacopsis must be withheld 
until some 50 additional species of Bombar have been investigated. There is 
also the possibility that the metrameristem in B. fendleri and B. sessilis 
undergoes seasonal and/or plastochronic changes during which large cell 
size, conspicuous vacuolation, and thickened cell walls are lacking. Only 
further study can settle this point. 

The pith rib and flanking meristems described here for Bombax do not 
show characteristics which can be considered as peculiar to the genus. 

Zonation similar to that reported in this paper for Bombaz is not rare 
among angiosperms but has been observed from the Ranalian complex to the 
Compositae as follows: Magnoliaceae (Millington and Gunekel, 1950), Il- 
liciaceae, Schizandraceae, Trochodendraceae, Tetracentraceae and Win- 
teraceae (Gifford, 1950), Lauraceae (Kasapligil, 1951), Cactaceae (Boke, 
1941, 1951, 1954), Euphorbiaceae (Soma, 1958), Rosaceae (Rouffa and 
Gunekel, 1951), Umbelliferae (Majumdar, 1942, Kasapligil, 1951), Capri- 
foliaceae and Valerianaceae (Philipson, 1947), and the Compositae (Popham 
and Chan, 1950; Millington and Fisk, 1956). Undoubtedly further research 
will increase this list ; a brief reconnaissance of tropical species made in our 
laboratory has shown similar zonation in a number of families, with marked 
examples in the Malvaceae, Tiliaceae, Bombacaceae, Sterculiaceae, Moraceae, 
Sapindaceae, and Meliaceae. Frequently this type of zonation is said to have 
been imposed upon the tunica-corpus configuration. Possibly the reverse 
may have been true; only further exploration in angiosperms can provide 
data for speculation on this problem. 

Extensive investigation is needed from embryo to mature plant for re- 
vealing the ontogenetic development of a zoned apex in the angiosperms; 
Bombax would be favorable for such a study by a botanist with access to 
tropical materials. 


SUMMARY 


1. The structure of the shoot apex is described for 7 species of Bombaz. 
The apex is relatively large for an angiosperm and according to the ac- 
counts in the literature is exceeded in size only by certain members of the 
Cactaceae and Palmaceae. A single layered tunica predominates. Two in- 
stances were observed in B. malabaricum in which tunica initials had been 
partitioned by periclinal walls. 

2. A well developed flanking zone surrounds a conspicuous zone to which 
the term metrameristem is applied. 
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3. From 6 to 95 percent of the metrameristem lies below the free dome 
of the apex. It is proposed that where possible the dimensions of the metra- 
meristem be considered with those of the free dome of the apex in compara- 
tive studies. 

4. Instances were found in B. ellipticum and B. sessilis in which there 
was little histological distinction between the metrameristem and the flank- 
ing and pith rib meristems. 
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A NOTE ON SPORE GERMINATION IN THE CELLULAR 
SLIME MOLD DICTYOSTELIUM MUCOROIDES' 


GEORGE KEITH RUSSELL? AND JOHN TYLER BONNER 


There are a few references to conditions affecting germination in the 
cellular slime molds in the older literature. Cienkowsky (1873) reported 
that water alone was sufficient for germination in Guttulina and Skupienski 
(1920) obtained germination of Dictyostelium mucoroides in distilled 
water. Olive (1920) on the other hand claimed that a nutrient medium was 
necessary for germination in this species and this view was independently 
supported by Potts (1902) who reported no germination in distilled water 
and 10 per cent germination in tap water. Furthermore he obtained excel- 
lent germination in Knop’s solution (KNO,, Ca(NO;)2, K;PO,, and 
MgSO,), and presented evidence that the phosphate in the solution was 
of key importance. Because of this conflicting information, some more de- 
tailed experiments were carried out, following the rules and procedures of 
spore germination tests set down by MecCallan and Wileoxon (1932). 

Materials and methods. Dictyostelium mucoroides, strain No. 11 was 
used in all the tests, and it was grown on Escherichia coli. 

Two different media were employed: a) standard medium containing 
10 gm. of peptone, 10 gm. of dextrose, 0.96 gm. of Na,HPO,- 12H,0, 1.45 
gm. of KH,PO,, 20 gm. of agar, and 1000 ml. of distilled water; b) non- 
nutrient agar containing the same buffers listed above and 20 gm. of Difco 
Bacto agar in 1000 ml. of distilled water. 

The spores were prepared by removing several sori from stock cultures 
of known age with an innoculating loop and suspending the spores in 2 ml. 
of distilled water. After vigorous shaking (sufficient to disperse any clumps) 
0.2 ml. of the suspension was pipetted onto the surface of the bacteria-free 
medium in Petri plates. The suspension was spread over the surface of the 
agar with a bent glass rod. After 15.minutes the plates were inverted to 
drain off the excess water and placed (in a cannister to reduce evaporation ) 
in a 22°C ineubator. 

It was found very important to use fresh Petri plates and take every 
possible precaution to reduce water loss as old dry medium would seriously 
inhibit spore germination. 


1 This study was supported in part by a grant from the National Science Foundation 
and in part by funds from the Eugene Higgins Trust Fund allocated to Princeton Uni- 
versity. The authors are indebted to Drs. K. B. Raper and B. M. Shaffer for their helpful 
reading of the manuscript. 


2 Present address: The Biological Laboratories, Harvard University, Cambridge, 
Massachusetts. 
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At specific time intervals sections of the agar were punched out with 
the open end of a test tube, placed on a glass slide and covered with a No, 1 
coverslip. The preparation could then be examined (at 640x magnification) 
with a phase microscope possessing a high focal point condenser. In this 
way it was possible to distinguish between the ungerminated spores and 
the empty germinated spore cases. For each dise at least 100 spores or the 
empty spore cases were counted and scored. 

In the experiments in which the spore density was determined, it was 
found that despite all possible care, there was some variation in the density 
in different parts of the plates. The density given is an average number of 
counts and the standard errors are given in table 1. These counts were 
made by scoring the total number of spores in a field with the microscope 
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Figs. 1-3. Fie. 1. Graph showing the per cent germination at different times for con- 
centrated and dilute suspensions of D. mucoroides spores. Fic. 2. Graph showing the rela- 
tion of final per cent spore germination to the density of the spores on the agar surface. 
Fig. 3. A comparison of the germination curves of spores placed on nutrient and non- 
nutrient agar. 
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at 400x magnification, that is, the total number of spores in an area of 
12 mm.” 

Results. Germination is conveniently represented as per cent plotted 
against time (Fig. 1). When conditions of maximum moisture were main- 
tained, and when the spore density was less than 33 spores/mm?, then on 
nutrient medium the germination almost reaches 100 per cent after about 
four hours (Fig. 1, upper curve). This particular experiment was repeated 
seven times with essentially identical results. 

The effect of spore concentration: If, under similar circumstances, the 
spore density is greatly increased, then the initiation of germination occurs 
at about the same time, but after about 4 hours the per cent germination 
levels off at a much lower value. In other words spore germination is in- 
hibited when the spore density is high. 

To further explore the relationship between spore density and the per 
cent germination after the leveling off has occurred (measurements taken 
between 5—6 hours) these were plotted one against the other (Fig. 2, table 
1). There is almost a linear inverse relation between spore density and per 


eent germination. 


TABLE 1 
; prone is Number Per cent germination Number 
of counts + standard error of counts 
+ standard error + 
35.8+ 5.8 10 97.5+0.2 4 
94.2 + 20.0 6 81.0 + 2.6 3 
132.5 + 10.8 10 81.6 + 2.5 5 
152.5 + 11.8 10 76.4 +2.4 5 
194.2 + 40.0 4 47.0+2.9 6 
266.7 + 21.6 13 29.8 + 2.4 8 
316.7 + 24.2 8 36.4 + 1.3 a) 
438.5 +17.5 7 21.6+1.5 5 


The effect of nutrient vs. non-nutrient agar: In these experiments 
dilute spore suspensions were employed and the same suspension was dis- 


pensed on standard nutrient agar (with peptone and dextrose—see methods ) 





and non-nutrient agar. The results on the non-nutrient agar were highly 
variable although in each of the 5 experiments run, the per cent germina- 
tion on the non-nutrient agar was significantly lower than on the nutrient 
agar (Fig. 3). 

A few experiments with and without phosphate buffer (on non-nutrient 
agar) were carried out in order to test Potts’ (1902) suggestion that phos- 
phate limits germination. The results showed no difference between the two 
conditions. 


It should also be noted here that, in keeping with the above observations, 








190 BULLETIN OF THE TORREY BOTANICAL CLUB [ VoL, 87 


spore germination on washed agar is especially poor, although no quanti- 
tative studies were made of this phenomenon. 

The effect of the age of the spores: Since it is a well established fact 
that in many species the spores must age a sufficient length of time for 
optional germination, spores varying from 2 to 15 days were compared and 
it was found that under similar environmental conditions their germination 
capacity was identical. Presumably in very old spores the per cent germina- 
tion would steadily decline but no tests were made on this point. 

Discussion. A reduction of germination in dense spore populations is 
not an unusual situation and is prevalent in many fungi (see Cochrane, 
1958). Sometimes the concentration affects the rate of germination rather 
than the final per cent germination, as Ryan (1948) showed for Neurospora 
crassa; but this is consistent with the idea that more than one mechanism 
might be involved for different species. In some cases the results might be 
interpreted in terms of inhibitory substances given off by the spores them- 
selves, and in others it might be competition for a key substance, such as 
Doran’s (1922) evidence of the limiting effect of oxygen. 

The selective advantages of such a phenomenon is obvious. In the first 
place it prevents germination in the sorus and secondly prevents the un- 
necessary quick germination of all spores thereby spreading germination 
over a longer period, which is a greater insurance against sudden adverse 
environmental conditions. It is interesting to note here, that in the case 
of the true slime molds (Myxomycetes), Smart (1937) showed the opposite 
phenomenon and high spore concentrations increased the per cent germina- 
tion. Of course in the Myxomycetes the spore products, either directly or 
after a few cell divisions, are gametes, so in this case it is obviously advan- 
tageous to germinate in large numbers so as to insure fertilization by the 
simultaneous appearance of the sex cells. In the case of the cellular slime 
molds, on the other hand, there is no compelling evidence as yet that these 
spore products are gametes, and it is well known that a solitary spore will 
fare as well as a mass of spores. (This argument is included here not as 
evidence against sexuality in the Acrasiales, which is still an open matter, 
but merely as an hypothesis to account for the difference in germination 
activities between the two types of slime molds. Also it should be mentioned 
that Kerr and Sussman (1958) have shown that in Didyuium mgripes, 
one of the Myxomyeetes, it is possible to obtain the complete life cycle from 
one spore. The products of the one spore produce gametes which fuse. There- 
fore it must be assumed that the advantage of stimulation of germination 
in dense spore populations serves to aid cross fertilization between indi- 
viduals). 

In conclusion it should be emphasized that this study is fragmentary 
and there are many aspects of germination in the cellular slime molds that 
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deserve further investigation. Besides the point already mentioned, of 
whether or not the reduction of germination in dense populations represents 
an inhibition or a competition for a limiting substance, there need to be 
studies of the effects of temperature, humidity and light. Also, it is im- 
portant to remember that no attempt has been made to examine the effect 
of the bacterial food supply; all the experiments reported here are in the 
absence of bacteria, for it was impossible with our methods to score the 
results in the presence of bacteria. Finally we have used only one strain of 
the species, and a variety of cellular slime molds should be tested. 


SUMMARY 


The ideal conditions for spore germination in Dictyostelium mucoroides 
at 22° C in the dark are those in which there is maximum humidity and a 
dilute spore suspension on a nutrient agar. Germination would begin after 
14 hours, reach 50 percent germination at about 24% hours, and level off 
at about 98 per cent germination after 4 hours. 

If under these conditions the spore density is increased, the initial rate 
of germination remains the same, but the final per cent germination after 
5-6 hours is reduced. 

Using dilute spore concentrations, it was found that non-nutrient agar 
gave a consistently lower final germination than nutrient agar. 

No effect of the age of the spores (2-15 days) on their capacity to 
germinate could be detected. 
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SOME OUTSTANDING NEW CHESTNUT HYBRIDS I. 
ARTHUR HARMOUNT GRAVES 


The chestnut bark disease, known also as the chestnut blight, caused by 
the fungus Endothia parasitica (Murr.) P. J. and H. W. And., was the most 
destructive forest tree disease ever known in this country. From a beginning 
some time back in the 1890’s, although not discovered until 1904, it has vir- 
tually eliminated the American chestnut, Castanea dentata, as a forest tree 
throughout its natural range in the Eastern United States. The monetary 
losses due to the passing of this tree, formerly one of our most valuable 
sources of timber, have been tremendous. 

It is not within the scope of this paper to describe the devastating disease 
nor the parasite which is the cause of all the trouble: that has already been 
well and rather thoroughly done by Murrill (1906), Metealf (1908), G. P. 
Clinton (1913), the Andersons (1912, 1914), Gravatt (1930, 1943), Clapper 
(1943, 1952) and others. 

After several attempts to prevent the spread of the disease had been 
unsuccessful, it at length became evident that the only feasible way out was 
to breed the American chestnut with the disease resistant oriental species 
in the hope of developing a tall, erect and rapid-growing form like that of 
the old American and at the same time practically immune to » the blight like 
some of the oriental species (Graves, 1950) 

We have followed this line of attack now for 30 years, having begun 
breeding at the Brooklyn Botanic Garden in 1930 and continuing there until 
1947, and since that date being sponsored mainly by the Connecticut Agri- 
cultural Experiment Station. In all, approximately 17,000 hybrid nuts have 
been produced, the breeding in some cases having extended into the fifth 
generation.’ In all this work we have enjoyed the cordial cooperation of the 
U.S.D.A., at the beginning through the Office of Forest Pathology, then by 
the Division of Forest Pathology, and now by the Fruit and Nut Crops 
Research Branch of the Bureau of Plant Industry. To their assistance in the 
way of pollen, seedlings, scions, nuts and technical advice and, in times of 
stress, of financial aid, the success of our project is in large measure due. 
Many other organizations as well as individuals have assisted us and deserve 
credit. A list of these will be included at the end of these papers. 

Many of our hybrids have been distributed to various plots (14 in all, 


1 Throughout this period, annual or biennial reports of the progress of the work 
have been issued. Reprints of some of these are still available and will be gladly mailed 
on request. 
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in many parts of the Eastern United States) established through the cooper- 
ation of the U.S.D.A. through Jesse D. Diller. These are still young, the 
plots having been started in 1947, but our hybrids and also those of the 
US.D.A., growing alongside them, are being carefully studied and the 
growth rate recorded from year to year. 

Other earlier hybrids at our plantations in Hamden and elsewhere in 
Connecticut have lived long enough, many of them more than 20 years, to 
have proved their worth either as forest types or as orchard or nut trees. 
Three of these have now received names and are described in this paper. 
Others are to follow in succeeding papers. Herbarium specimens are on 
file in the herbaria of the Connecticut Agricultural Experiment Station 
and of Yale University. 

From the very beginning of our hybridizing experiments with the chest- 
nut we found that the progeny of almost any cross show pronounced differ- 
ences among themselves. This situation is obviously due to the heterozygosity 
of the parents. We can not therefore select a hybrid group for naming; we 
must select a single individual. Each of the following descriptions is there- 
fore applicable to a single tree only, an individual selected from the more or 
less heterogeneous offspring of the parents (designated by 2 and 4). This 
single tree is to serve as the foundation of a clone or, in technical terms, it 
is the ‘‘ortet.’’ Cuttings, scions, rooted stoolings, ete., of this ‘‘ortet’’ be- 
come the ‘‘ramets’’ and are being distributed to nurserymen for further 
propagation. 

I. Essate-Jap Chestnut | (Castanea crenata Sieb. & Zuce. x C. pumila 
Mill.) x C. crenata 8S. & Z.| 2 x Castanea crenata 8. & Z. %. Figures 1 and 2. 

Historical. In April, 1931, three two-year old seedlings labelled S 8 were 
expressed to the Brooklyn Botanic Garden from Bell, Md., by the then Office 
of Forest Pathology, U.S.D.A. Subsequently, in that same spring, they were 
planted at the Sleeping Giant Plantation, Hamden, Conn. (Brooklyn Botanic 
Garden Record. 21(2) : 53. 1932) .2 These 8 8 seedlings were from open pol- 
linations of an S 8 hybrid developed by Walter Van Fleet at Bell. This 
original S 8 was apparently a cross of Castanea crenata, the Japanese chest- 
nut, and C’. pumila, the Allegany chinkapin. (Brooklyn Botanic Garden Rec- 
ord 25(2) : 64. 1936). But the seedlings sent us were from nuts from open 
pollinations of this cross so that their pedigree was probably (C. crenata x 
C. pumiia) x C. crenata. In 1934 these seedlings bloomed, being then six 
years old. They were then crossed again with the Japanese chestnut, the 





2 Originally S 8 was believed to be a cross of Chinese chestnut, C. mollissima, and 
the Allegany chinkapin, C. pumila. But the facts that in hybrids the Chinese is usually 
dominant and that S 8 showed no trace of Chinese characters and that at that time 
Chinese trees were scarce, inclined us to the belief that the Japanese, C. crenata, and the 
chinkapin were the original parents. Again, and for the same reasons, in open pollina- 
tions of S 8 the probable pollinating or male parent was the Japanese chestnut. 
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Fig. 1. Essate-Jap. [(Castanea crenataxC. pumila) x C. crenata] xC. crenata— 
hybrid chestnut. Photo in 1954. Tree then about 30 ft. tall; now, (Jan. 1960) 38 ft. 
Sleeping Giant Plantation, Hamden, Conn. Courtesy of Conn. Agric. Expt. Sta. (from 
Cire. 192, Mar., 1955. “Blight resistant chestnuts.”) Photo by B. W. McFarland, Conn. 
Agric. Expt. Sta. 
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Fig. 2. Essate-Jap. Fruiting branch and nutsx about }$; upper right inset, bark, 
x about 1/9; left inset, part of winter twig, x about }. Photos by B. W. MeFarland. 
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purpose being to get among the progeny a hybrid of greater blight resistance 
(Graves, 1950). 

As to these Japanese trees, i.e., the immediate male parents of our Essate- 
Jap, the following is quoted from a letter from Russell B. Clapper, August 
20, 1959. 

‘*While in Japan, Professor R. Kent Beattie collected nuts from the 
taller wild chestnut trees. He thought that the trees might produce tall 
trees with straight trunks when the nuts were planted in this country, 
Numerous plantings of these wild chestnuts have been made on various kinds 
of sites. On the best sites and with the trees grown in close formation straight 
trunks were produced but the stature of the trees was inferior to that ob- 
tained from selected varieties of the Chinese chestnut and from American x 
Chinese hybrids.’’ 

With us, after nearly 30 years of growth, the trees resulting from the 
nuts gathered by Beattie are bushy, roundheaded, blight-resistant specimens, 
comparatively small—approximately 25 ft. (7.6 m.) tall, but very prolific. 
The fact that a cross between one of them and the 8 8 should yield such a 
surprisingly tall, straight and rapid-growing tree—38 ft. (11.6 m.) in 26 
years—would indicate that in the germ cells of the last Japanese parent 
there was a recessive gene for tallness. This supposition is strengthened by 
the fact that Beattie collected the nuts from underneath tall trees, presum- 
ably heterozygous. This tall gene has been effective therefore in the develop- 
ment of our outstanding Essate-Jap, probably combining with another tall 
gene already present in the S 8-Jap complex. This reasoning is further sup- 
ported by the fact that sibs of our Essate-Jap, developed by contemporaneous 
pollinations by the same Japanese trees, have not produced tall trees, 
although these offspring are blight resistant and good nut bearers. 

Systematic description. Summer characters. Leaves: blades ovate-lanceo- 
late or elliptic, acuminate, 10-18 em. long, 3-5 em. wide, serrate; petioles 
1—2.5 em. long, planoconvex, sometimes slightly grooved on upper surface, 
primary veins distinct, each ending in a tooth, branching from midrib in 
fairly regular equidistant succession, themselves occasionally branched, the 
branches ending in a supernumerary tooth; teeth rather long, 2-3 mm., very 
slender, pointing forward; leaf bases often inequilateral, the lower or older 
leaves cordate, the upper rounded or sometimes cuneate at base; upper leaf 
surface shining, the lower pale and covered with rather small stellate hairs 
interspersed with large lepidote glands hidden among the hairs; veins often 
with simple hairs; stipules 1.5 em. long, ovate-lanceolate, long pointed, con- 
cave on outer side, cordate or auricled at base and soon deciduous, therefore 
only evident at base of youngest (upper) leaves. Flowers: purely staminate 
or androgenous catkins about 18 em long, more or less erect, at least not 
pendulous. Female flower usually single at base of androgynous (younger) 
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eatkin(s). Fruit: mature burs spherical, somewhat variable in size, about 
6 em. in diam. and 5.5 em. high; usually splitting open readily by four 
valves. Nut: about 2.25 em. high by 2.25 em. wide, the shell dark chestnut 
brown, maturing early, in latitude 41° about Sept. 15. Nuts are of somewhat 
bitter flavor but quite sweet when boiled. 

Winter characters. Bark: at about four feet from ground with sealy, 
flattish strips, separated by grooves, these becoming deeper toward base of 
tree. Strips more or less vertical but occasionally anastomosing by diagonal 
connections, olive-gray to light olive-gray (lighter in grooves) (Pl. LI.* 
One year old twigs: vegetative, phyllotaxy 4, side exposed to sun reddish 
brown to Kaiser brown (Pl. XIV), side away from sun yellow brown or 
Sudan brown (PI. IIL), whole twig shining and spotted with gray lenticels. 
Flowering twigs: lower part showing more or less circular scars where cat- 
kins and/or burs were borne, usually with 2/5 phyllotaxy and often occupy- 
ing nearly one half of year’s growth; upper part often longer than flower 
bearing portion and more slender. Buds: blunt, somewhat flattened, smooth, 
shining, almost as wide as long (2.5-3 mm.), 2 scales showing except for 
small area at tip, with hues of dahlia carmine (Pl. XXVI) and orange buff 
(Pl. III). 

Salient features. Erect, fast growing; leaves rather slender and long 
pointed, glandular beneath ; blooming early 





June 1-15; nuts ripening early 
—Sept. 5-20 in lat. 41°; reddish coloration prominent, i.e., young leaves 
bronzy, twigs dark red and buds with carmine hue. 

On account of its chinkapin ancestor, young seedlings of Essate-Jap 
may show some tenderness in subzero weather. Older trees are hardy. Many 
crosses of Essate-Jap sibs when transplanted to Andover, Conn. died back 
to the ground in subzero temperatures. The tree can be safely recommended 
for somewhat warmer latitudes. Scions sent to Italy have made good growth 
the past year (100 em. in 1959) (Jaynes and Graves, 1960). 

II. Sleeping Giant Chestnut (Castanea mollissima Bl.) 2 x (Castanea 
crenata Sieb. & Zuce x C. dentata Borkh.) ¢. Chinese x Japanese-American 
chestnut. Figure 3. 

Historical. The immediate parents of this tree (3276-37) were a Japa- 
nese-American hybrid (3233-31) at the Sleeping Giant Plantation, Ham- 
den, Conn., used as the pollen parent, and a pure Chinese tree (Row 1 #12), 
one of those given us for testing, then a two year old seedling, by the Office 
of Forest Pathology in 1931. The cross was made in 1937. The Japanese- 
American parent had resulted from a cross of the blight resistant Japanese 
tree belonging to the late Mr. Renville S. Smith of Oyster Bay, N.Y. and 
an old American tree near Washington, D.C., the pollen of which was sent 





8’Colors according to Ridgway, Robert. Color standards and color nomenclature. 
Washington, D.C. 1912. 
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Fic. 3. Sleeping Giant Chestnut. Flowering branch, x about %; right inset, winter 
twig, x about 2; upper left inset, bur and nuts, x about 4. Photos by B. W. McFarland. 
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us at the Brooklyn Botanic Garden, air mail, by G. F. Gravatt of the Division 
of Forest Pathology, U.S.D.A. The resulting Japanese-American hybrid 
was not entirely blight resistant, but the combination of this and a pure 
Chinese chestnut has resulted in an entirely blight resistant individual. 
The Sleeping Giant Chestnut (Row 5 #13) is now (Jan., 1960) 22 years 
old and 31 feet (9.5 m.) tall with a cireumference of 31 inches B.H. (78.7 
em.). It is a comparatively late bloomer 





about July 1 in southern Con- 
necticut—and not prolific. The nuts are large and handsome and of a 
passable flavor when well cured. With its somewhat spreading form and 
glossy foliage it will make an excellent ornamental lawn tree, and probably, 
in close formation, good timber stock. Its best feature is its blight resistance. 

Systematic description. Summer characters. Leaves: blades ovate-oblong 
to elliptic, variable, 10-22 em. long by 4-9 em. wide, acuminate, serrate, 
oldest leaves truncate, rounded and often unequal at base, passing gradually 
into the younger blades cuneate at base; petioles 1.5—-2 em. long, plano-con- 
vex, grooved on upper surface; primary veins distinct, rarely branched, 
fairly equidistant, the veins ending in a tooth; teeth comparatively long, 
2-2.5 mm., pointing outward; upper leaf surface shining, lower surface 
pale, olive-buff (Pl. XL) and densely covered with stellate pubescence ; 
stipules 0.5 em. long, widely cordate and long acuminate, early caducous. 
Flowers: comparatively late in blooming, androgenous catkins about 20 em. 
long, more or less erect, androgynous catkins shorter, 10-15 em. long, female 
flower usually single at base of androgynous (younger or upper) catkins, 
of Chinese type, rather large, 1 em. high, and scaly. Fruit: bur spherical, 
often slightly conical, about 7 em. in diam., sometimes the four valves open- 
ing wide and flat. Nut: rather large, wider than high, 2.5—3 em., but variable, 
brilliantly shining, of Chinese type, i.e., rounded or squarish, somewhat 
downy at pistillate end, burnt umber in color (Pl. XXVIII), ripening late, 
in lat. 41 from Oct. 5-15. 

Winter characters. Bark: scaly, with irregular, more or less vertical 
strips, these often cross-lined, varying in color from olive-gray to dark mouse 
gray (PI. LI). One year old twigs: phyllotaxy 4% or 2/5, between tea green 
and vetiver green in color (Pl. XLVII), vigorous twigs dull and finely 
downy toward apex with stellate hairs, lower part glabrous and shining, 
upper part of twig beyond portion where catkins and/or burs have been 
formed, often more slender. Leaf scars: much raised, more or less excavated, 
flowering twigs showing circular scars where burs and/or catkins were 
borne. Buds: blunt, somewhat flattened parallel to twig axis, about equi- 
laterally triangular in outline, 3.5 mm. high, mainly two scales and another 
at tip exposed, downy with stellate hairs, color reddish but obscured by 
hairs; no true terminal bud. 

Salient features. A somewhat spreading tree with large, wide leaves, buff 
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colored beneath, shining above, light green twigs, finely downy towards 
apex, burs often slightly conical with large shining nuts. 

III. Kelsey Chestnut Castanea molissima Bi. 2 x ? ¢ Figures 4 and 5. 

Historical. In 1947 the late Josiah J. Kelsey of Clinton, Conn., through- 
out his life a chestnut grower and enthusiast, gave us a scion which he ealled 
the ‘‘ Miracle’’ chestnut. I grafted this on Chinese stock and now (Jan. 1960) 
it is approximately 20 ft. (6.1 m.). The genuine Miracle chestnut of Luther 
Burbank was so named because it bore nuts in the first six months of its 
life. Another explanation of the name is said to be that it is self-fertile. The 
graftling from Mr. Kelsey’s scion has shown neither of these characters. 
Therefore we believe that it is not the real Miracle, and this belief is con- 
firmed by correspondence with those who know the Miracle. The-true state 
of affairs seems to be that the tree from which our scion came originated 
from a nut which was the offspring by open pollination of the true Miracle. 
We know that Mr. Kelsey did receive a scion of the Miracle from Luther 
Burbank about 1917. The unknown parent may have been a Chinese (C. 
moilissima) variety, for the ‘*‘ Kelsey’’ chestnut, as we now call it, bears no 
evidence of any other species. 

The Kelsey is primarily a nut tree and is recommended for chestnut 
orchards. The nuts are small but delicious, A-1 in flavor and consistency. 
The burs open fairly well and the skin over the nut, after the shell is re- 
moved, separates readily, leaving an embryo of a striking amber or wax 
yellow color (Pl. XVI). Further, the tree is extremely blight resistant. 

Systematic description. Leaves: blades very variable as to dimensions 
and teeth, in general smaller than in most Chinese types, rather dull green 
above, olive-buff below (Pl. XL), and covered with close, stellate pubescence, 
ovate-lanceolate to elliptic, more or less markedly toothed, 10-17 em. long, 
3.5-7 em. wide, acuminate, the teeth on mature leaves about 0.5 em. apart, 
2 mm. long, pointing forward, primary veins distinct, branching from the 
midrib in fairly regular succession, rarely themselves branched, each vein 
and branch ending in a tooth; leaf bases on older leaves cordate, truneate, 
or rounded, sometimes markedly inequilateral, on younger or upper leaves 
tending to become cuneate ; stipules: about 0.5 em. long, narrow and acumi- 
nate, soon deciduous. Flowers: catkins more or less erect, 8-12 em. long; 
? flower usually single at base of androgynous catkin and comparatively 
small, about 0.5 em. high. Fruit: bur about 5 em. in diam., the valves not 
opening flat, but sufficient for discharging nuts. Nut: small and dark colored, 
dull, with stellate and simple hairs along ridges becoming increasingly 
prominent toward pistillate end, about as wide as high, 2—2.25 em., skin 
readily separating from bright yellow embryo. 

Winter characters. Bark: with smooth, rather wide strips on main trunk, 
of burnt sienna color, elsewhere scaly, on the large branches outer bark curl- 
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Fig. 4. Kelsey Chestnut. Flowering branch, x about 4; left inset, characteristic bark, 


x4; right inset, winter twig, about nat. size. Photos by B. W. McFarland. 
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ing back at edges of elongated lenticular portions exposing smooth inner 
bark, in color similar to baryta yellow (Pl. IV), or between chamois and 
honey yellow (Pl. XXX). One year old twigs: phyllotaxy 1% or 2/5; pre- 
dominantly light colored, near light mineral gray (Pl. XLVII), but perhaps 
best described as a silvery hue, glabrous but slightly pubescent toward apex 
with prevailingly stellate hairs (a few simple); leaf sears raised. Buds: 
blunt, about as wide as high—about 3 mm.—two scales exposed but not 





Fig. 5. Kelsey burs and nuts. Slightly reduced. Photo by B. W. McFarland. 


entirely overlapping, exposing an inner scale hoary with stellate pubescence 
at apex, becoming nearly glabrous at base with hues somewhere between 
Mars orange and burnt sienna (PI. II) showing toward base, but these colors 
hidden by pubescence toward apex; no true terminal bud. 

Salient features. Light colored sealy bark as in the Chinese chestnut, 
and silvery twigs; outer bark on larger branches curling back a little in 
lenticular patches (Fig. 4), disclosing characteristic rather smooth, buff- 
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colored inner bark; small very dark brown squarish nuts of Chinese type 
with readily separable inner skin, disclosing sweet yellow meat of crunchy 
consistency. 


SUMMARY AND CONCLUSIONS 


I have described in detail three of our best hybrids which we propose to 
offer as the foundations of their respective clones. More are to follow in sue- 
ceeding papers. Regarding hardiness the three hybrids are qualified to suc- 
ceed in zone 5 of Rehder (1940). The Essate-Jap, as a result of testing, 
should succeed further south, while the Sleeping Giant and Kelsey, in which 
the Chinese species is dominant, should do well even further north, in zone 4. 
However, extensive testing both abroad and in this country is under way, 
and until that is completed the above statements should not be considered 
final. As regards susceptibility to blight, repeated inoculations have shown 
marked resistance to the disease. Furthermore, throughout their lives these 
trees have been exposed to the blight fungus, because many trees in the plan- 
tations have lesions with spore bodies present. Reproduction, on account of 
the self-sterility of the trees, must be done by a vegetative method—either 
by grafting, layering, rooting by cuttings, rooting by inarched cuttings, or 
‘*stooling.’’ Therefore, the hybrids herein described become the foundations 
or ‘‘ortets’’ (Stout, 1940) of clones, just as Greening, Baldwin, ete. apple 
trees are all vegetative offspring (usually by grafting), of one original 
Greening or Baldwin apple tree, and, in a sense, are the same plant. 

CONNECTICUT AGRICULTURAL EXPERIMENT STATION 

New Haven, Conn. 
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THE TYPIFICATION OF ELYMUS MACOUNII VASEY'! 
Wray M. BowpEN 


The name Elymus macounti Vasey, published by Vasey (1886), is the 
basionym of the taxon that is correctly called X Agrohordewm macounu 
(Vasey) Lepage. The hybrid genus X Agrohordeum G. Camus ex Rousseau 
was validly published by Rousseau (1952). Lepage (1953) validly made 
the combination X Agrohordeum macounui (Vasey) Lepage. Boyle and 
Holmgren (1955) and Gross (1960) made controlled crosses between 
Agropyron trachycaulum (Link) Malte and Hordeum jubatum L. and the 
sterile tetraploid F, hybrids were similar to specimens that had been called 
Elymus macounti Vasey. The data prove that this taxon is a hybrid and 
the correct name is X Agrohordeum macounii (Vasey) Lepage. 

The primary purpose of this paper is to typify the basionym, Elymus 
macounui Vasey. In 1886, Vasey described this taxon and wrote: ‘‘ Several 
years ago I received from Mr. J. Macoun an Elymus collected in the Great 
Plains of British America which I called by the above name, but no account 
of it was published. I have several times since received it from within the 
limits of the United States, and two years ago myself collected it freely 
in the mountains of Colorado.’’ Since the taxon was named after J. Macoun, 
the type specimen should preferably be one of Macoun’s specimens that 
had been collected not later than 1886 and that had been examined by Vasey. 

In Hitcheock’s manual (1951), the type locality was given as ‘‘Great 
Plains of British Columbia, Macoun,’’ rather than ‘‘Great Plains of British 
America.’’ However, it did not seem appropriate to me to speak of the 
‘‘Great Plains of British Columbia’”’ since there is no area in that province 
that fits the description of ‘‘Great Plains.’’ It seemed to me that it was 
possible that the ‘‘Great Plains of British America’’ was more likely a 
reference to the prairie area, somewhere from Manitoba to Alberta. 

Recently I noted two Macoun specimens in the Phanerogamic Her- 
barium of the Plant Research Institute (DAO) and the labels had the 
title ‘‘Flora of the Great Plains.’’ The specimens had been collected in 
1879 in what is now the province of Saskatchewan as shown by reference 
to Macoun’s autobiography (1922). Similar Macoun specimens were lo- 
eated by Miss H. T. Harkness in the National Museum of Canada, Ottawa 
(CAN) and by J. R. Swallen in the U. 8S. National Herbarium, Smithsonian 
Institution, Washington (US). Other Macoun collections of this taxon 
were also located in both of these herbaria. 





1Contribution No. 53 from the Plant Research Institute, Research Branch, Canada 
Department of Agriculture, Ottawa, Ontario. 
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Of the seven collections (two on one sheet) at the U. S. Herbarium, 
four Macoun specimens that had been collected in the province of Sas- 
katchewan from 1872 to 1879 are part of the type material of EL. macounii. 
The other three specimens were collected from 1889 to 1903 and cannot 
be considered as part of the type material. 

Of the seven collections at the National Museum of Canada, two 
Macoun specimens collected in Saskatchewan in 1879 are part of the type 
material since they are duplicates of the collections sent to Vasey. The 
other five specimens are not part of the type material. One sheet was 
collected in 1889 and although the other four specimens had been collected 
from 1872 to 1879, they are different collections from the specimens sent 
to Vasey. 

The two specimens in DAO Herbarium are also part of the type material 
since they are duplicates of two of the collections in the U. 8S. Herbarium 
and the National Museum of Canada. 

I consulted with B. Boivin of the Plant Research Institute staff con- 
cerning the Macoun specimens of E. macouniti and we agreed on the inter- 
pretation of the different specimens in relation to the problem of typifi- 
cation. 

The typification of Elymus macounii Vasey can now be stated. Elymus 
macounti Vasey, Bull. Torrey Bot. Club 13: 119-120. 1886. 

Type: Saskatchewan: Flora of the Great Plains, Sand Hills, South 
Saskatchewan, Macoun 119, July 21st, 1879; leetotype (US) ; isotypes, ie. 
duplicates of the lectotype (CAN; DAO). On page 144 of Macoun (1922), 
the area of the original collection can be verified as part of what is now 
the province of Saskatchewan. Both the (US) and (CAN) specimens are 
numbered 119 and bear the date July 21st, 1879. The (DAO) specimen is 
numbered 2230 and bears the date July 19th, 1879. The latter date is proba- 
bly an error since Macoun was at the Red Deer Lakes on July 19th, 1879 
The specimens on the three sheets are very similar to one another and ba 
longer awns than the three Eagle Creek specimens (mentioned below). The 
lectotype and two isotypes have long awns and are similar in that respect 
to the two specimens from the Red Deer Lakes (CAN). The latter are not 
part of the type material since duplicates were not sent to Vasey. 

Paratypes examined: Saskatchewan: Eagle Creek; mentioned on page 
146 of Macoun (1922) ; Macoun 118 (US); 29.740 (CAN); 2230 (DAO) 
all July 25, 1879. Saskatchewan Plains, Macoun 60, August 21, 1872 (US). 
Saskatchewan Plains, Macoun 64, August 24, 1872 (US). 

In both the U.S. Herbarium and National Museum of Canada, there are 
specimens of Macouwn 104 that were collected at Kamloops, B.C. on June 13, 
1889. The U.S. Herbarium specimen has been labelled ‘‘type’’ in a different 
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and probably later handwriting. It is not acceptable as type since it was 
collected in 1889 and E. macounitt was described by Vasey in 1886. 

Gross (1960) thought that plants of X Agrohordeum macouniti were 
probably short-lived. However, in the Plant Research Institute plots at 
Ottawa, plants of this hybrid have been growing since 1947 and the clumps 
are still vigorous. The relatively common occurrence of X A. macounti in 
certain areas, particularly in Saskatchewan, Alberta, Manitoba and the 
District of Mackenzie, is probably due to the rather frequent crossing of 
Agropyron trachycaulum and Hordeum jubatum as well as to the persist- 
ence of the hybrid plants as large clumps once they have become well 
established. Bowden (1959) cited voucher specimens for the tetraploid 
chromosome number, 2n = 28, of X A. macounti, and briefly discussed the 
geographical distribution of the hybrid specimens. W. J. Cody and other 
collectors have recently found numerous specimens of X A. macowniti along 
the Mackenzie River in the District of Mackenzie (specimens in DAO). 

Ashman and Boyle (1955) and Gross (1960) independently produced 
two different partly fertile octoploid strains (2n = 56) by colchicine treat- 
ment of sterile tetraploids of X A. macounii. Following article 28 of the 
Botanical Code (Lanjouw et al., 1956), the octoploids should be treated as 
eultivars under the Code for Cultivated Plants (Fletcher et al., 1958). 
In a letter, W. S. Boyle wrote that the octoploid strain produced in Utah 
has been introduced in several natural and experimental areas in several 
western states. 

Since the octoploid cultivars are partly fertile while the tetraploids are 
sterile, some botanists might consider the octoploids to be a ‘‘new species.’’ 
Appendix I of the Botanical Code (Lanjouw et al., 1956) clearly states that 
all hybrids of the same parentage belong under the same binary name. Both 
the sterile tetraploids and the partly fertile octoploids of X A. macounn 
originated from the cross, Agropyron trachycaulum x Hordeum jubatum, 
and therefore the binary name X agrohordeum macouni applies to both 
the tetraploids and the octoploids. — 


SUMMARY 


1. Elymus macounii Vasey is the basionym of X Agrohordeum macounii 
(Vasey) Lepage (Agropyron trachycaulum x Hordeum jubatum). 

2. The type locality of E. macounit was originally given by Vasey as 
‘Great Plains of British America.’’ This has been misinterpreted to mean 
‘British Columbia’’ but the type locality is from an area that is now part 
of the province of Saskatchewan. 

3. Macoun specimens of this taxon were examined from three herbaria 
and a lectotype (with duplicates) and paratypes are cited. 

4. The natural and artificial F, hybrids are sterile tetraploids. The 
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partly fertile octoploids of Ashman and Boyle, and Gross, should be re- 
garded as cultivars. 
PLANT Researcu INstiruTE, RESEARCH BRANCH, 
CANADA DEPARTMENT OF AGRICULTURE, OTTAWA, ONTARIO 
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THE HEPATIC GENUS ASCIDIOTA MASSALONGO 
NEW TO NORTH AMERICA 


WituiAmM C. STEERE AND RupoLF M. ScHUSTER 


Massalongo (1898) proposed the monotypic genus Ascidiota, with the 
new species A. blepharophylla Massal., from Chengsi Province, China. 
Stephani (1909-12) placed the genus in synonymy under Porella, and it 
has been quite disregarded by recent authors, not being cited even in 
synonymy under Porella by Frye and Clark (1937-47) and by Miiller 
(1951-57). It is maintained only in the recent paper by Schuster (1958), 
in which its separation from Porella is briefly treated. 

Since Porella, s. lat., with over 153 described species, is a very large 
genus, it seems desirable to subdivide it, if a sound basis for subdivision 
ean be found. In addition to Ascidiota, the other recent generic segregate 
adopted is Macvicaria, proposed for M. fossombronioides Nicholson. This 
latter genus is not recognized by such recent students of Porella as Hara 
(1956), and even such a relatively ‘‘radical’’ worker as Schiffner (1934) 
suggested that perhaps Macvicaria should be reduced to a section or sub- 
genus of Porella. Knapp (1933) studied the genus in detail, and maintains 
it as distinct, although closely allied to Porella. 

It is not our intent here to evaluate critically these two segregates from 
Porella; in order to do this, a general revision of the Porellaceae must be 
attempted. However, the two segregates can be separated from Porella s. str. 
on the basis of characters used in the following key. This key serves, equally, 
to emphasize the most salient features that separate Ascidiota from Porella. 

We wish to express our warmest gratitude to Professor Francesco Zorzi, 
the Director of the Museo Civico di Storia Naturale, of Verona, Italy, for 
the generous loan of the very sparse type material of Ascidiota blepharo- 
phylla Massalongo to the senior author in 1952. Examination of this type 
material has enabled us to confirm the generic and specific identity of the 
Alaskan material with Massalongo’s Chinese species, as improbable as this 
may appear. We are also indebted to Dr. H. W. Rickett for the preparation 
of the Latin diagnosis. 


KEY TO GENERA OF PORELLACEAE 


1, Leaves without water-saes (or the entire lobule inflated to form a water- 

sac); underleaves without a small water-sac at each base; cells 

(so far as known) not elevated as truncate or rounded, promi- 

nent hyaline papillae 2 

2. Perianth + flattened, distinctly bilabiate, + trigonous, weakly pli- 
cate, not distinctly beaked Porella s. str. 
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2. Perianth inflated, narrowed into a beak, more or less strongly pli- 


eate; leaves with margins strongly crisped throughout, wavy 
and undulate; underleaves and lobules similarly crispate- 
undulate Macvicaria Nicholson 
1. Leaves, both at base of lobe and at base of lobule, with a small portion 
of the basal margin infolded to form a sharply defined water-sac ; 
underleaves with base, on each side, similarly involute to form a 
distinet sac; cells of leaves elevated as rounded to truncate, promi- 
nent, hyaline papillae; leaf and underleaf margins prominently 
ciliate Ascidiota Massalongo 


Ascidiota new to North America.—The senior author, during the years 
1951-53, while botanizing in northern Alaska, repeatedly collected large 
mats of a robust, fusecous hepatic, with prominently ciliate leaf margins. 
The exact localities and collection numbers are cited subsequently. 

On careful investigation these plants proved nearly inseparable from 
A. blepharophylla Massal., known until recently only from the meager type 
collection, from Chengsi Province, China. They share with the type of the 
species a series of critical features, not found in any other species. Among 
them are: (1) The convex, fuscous lobes are provided with numerous mar- 
ginal cilia, many of which tend to be decolorate at the apices. (2) Except 
for the cells of the cilia, the abaxial, and to a much lesser extent, portions 
of the adaxial lobe surfaces are armed with convex, knob-like protuberances, 
one per cell, giving the leaf surface a distinctive texture. The hemispherical 
papillae or dome-like protrusions in most cases virtually hide the cell out- 
lines beneath. (3) The lobe, at its postical base, near the narrow union with 
the lobule, is produced into a reflexed pocket, or water-sac. (4) The lobule 
at the base is, on one side, similarly provided with a nearly identically 
formed pouch or water-sac. (5) The ciliate-margined underleaves each bear 
a similar pocket or pouch, on either side of their insertion on the axis. 

The differences between the Chinese type material and the Alaskan 
plant proved relatively minor. In the type material the lobes tend to be 
more nearly oblong and, measured from the insertion on the stem, are con- 
siderably narrower. The lobe, measured from its insertion on the stem, varies 
from 1380-1400 » long, although, owing to the strongly dilated and almost 
auriculately expanded antical lobe base, the maximal length—measured 
from the apex to the base of the auricle—ranges from 1800-1900 ,; the 
width of the lobe ranges from 1120-1240 » (all measurements exclusive of 





the cilia). As a consequence, the length of the lobe (from its insertion on 
the stem) ranges from ca. 1.1—-1.25 x the maximal width. In contrast, the 
Alaskan plant has the lobe length ranging from 1460-1520 p», with the width 
from 1450-1600 ». The length of the lobe is less (ca. 0.93—0.96 the width) 
than its width. In the Alaskan plants the lobe tends to be more broadly 
obovate to obovate-orbicular. 

In addition to the difference in shape, the type material showed much 
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more copious development of the marginal cilia, which ranged from ca. 45 
to 60 per lobe; the Alaskan plants had fewer, more remote cilia, which 
ranged from ca. 16 to 35 per lobe. The lobuli, similarly, were more closely 
ciliate in the type plant, whereas the Alaskan plant had more remote cilia. 
The differences in dentition were equally marked on the underleaves. In 
the type material about 35 cilia occurred, the upper crowded and reflexed 
in large part. In the Alaskan plants about 25 cilia occurred, the upper in 
part obsolete and very short. 

Finally, in the type material the hemispherical protuberances of the cells 
were much more marked, virtually obscuring the cell outlines; the marginal 
cells, except for the cilia, were so strongly armed that, in profile, the leaf 
margins looked strongly crenulate (Fig. I: 4-5). In contrast, the Alaskan 
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Fic. I. Ascidiota blepharophylla subsp. blepharophylla Massal. 1-3. Dorsal lobes, 
artificially flattened (x 17.5). 4. Cilia from antical leaf margin of leaf in fig. 2 (x 240). 
5. Cilia from near postical base of leaf in fig. 2 (x 109). 6. Lobule, with associated 
water-sac, of leaf in fig. 2 (x17.5). 7. Underleaf (x 17.5). (All drawn by R. M. 
Schuster from type specimen). 


plant had much lower papillae, not hemispherical in form (Fig. II: 1-2), 
and the marginal cells were only faintly crenulate. 

These differences can be contrasted in Table 1; they suggest two distinct 
races, but surely not distinct species. The eventual discovery of fertile mate- 
rial may demonstrate that characters of more fundamental nature are asso- 
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Fig. II. Ascidiota blepharophylla subsp. alaskana. 1-2. Cross-section of leaves, the 
outer (abaxial) lobe surface at right (x 260). 3-4, 6. Leaves, postical aspect, slightly 
artificially flattened (x 20). 5. Dorsal lobe, showing strongly deflexed lobe apex (x 20). 
7. Underleaf (x20). 8. Underleaf (x 20). 9. Cells and cilium of posterior lobe margin, 
ental aspect, of the most tubereulate extreme (x 260). 10. Median cells of lobe, the 
surface tubercles not drawn in (x 260). 11. Cells of leaf margin, the superficial papillae 


omitted (x 260). (All drawn by R. M. Schuster from Alaskan material, leg. W. C. 
Steere). 
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eiated with these vegetative differences; then an elevation in rank of the 
Alaskan population may prove warranted. 


Ascidiota blepharophylla ssp. alaskana Steere & Schuster, ssp. n. Subsp. 
blepharophyllae similis sed lobo dorsali paucioria cilia plerumque 2-—6-cel- 
lulis longa possidenti, fere latiori quam longiori, rare obovato; papillis 
eellularum minus insignibus, loborum marginibus haud crenulatis oblique 
visis; cellulis lobi saccoidei ad basim lobi dorsalis papillas cellulares caren- 
tibus. 


Plants in large, prostrate patches, in moss-tundra, fuscous to virtually 
black. Leaves moderately imbricate, strongly convex, obovate-subrotundate 
in shape, the length (exclusive of cilia) ca. (1200—) 1460-1520 y», from inser- 
tion on stem to apex; iength, including the dilated antical basal auriculate 
expansion, 2050-2150 »; width, exclusive of cilia, 1450-1600 ,»; length of 
lobe ca. 0.93-0.96 the width. Lobe margins rather sparingly armed with mar- 
ginal cilia, which chiefly range from 3-7 (8) cells long, their cells ca. 35-42 x 
20-26 » wide, the septae between cells commonly dilated; lobe, as a whole, 
with 16-25 cilia, the cilia commonly shorter (to 200-250 p» long) and less 
tortuous than in ssp. blepharophylla, only 1-2 cells wide at base and rarely 
broader-based. Lobule canaliculate, oblong-ovate to oblong-obovate, ca. 
1100-1125 » long x 650-675 » wide, armed with ca. 15-24 rather distant 
cilia. Underleaves broadly rounded-oblong to subrotundate, excluding the 
water-sac at each side of the line of insertion, 820-900 » long x wide, rang- 
ing from slightly wider than long to slightly longer than wide (exclusive 
of the 20-25 marginal, short-to-obsolete cilia). Cells on their outer faces 
each strongly convex, armed with a dome-like but hardly hemispherical 


Table 1. Contrasting characteristics of the 2 subspecies 


Ascidiota blepharophylla Ascidiota blepharophylla 
ssp. alaskana ssp. blepharophylla 

1. Dorsal lobe with fewer cilia (16-40), 1. Dorsal lobe with numerous cilia (42- 
most of which are relatively short, . . 52, oeeasionally 60), most of which 
2-6(-8) cells long. are long, sinuous, (2-—4)5-8(10-13) 

cells long. 

2. Antieal base with 0-1 small teeth. 2. Antical base + lobulate, with 2-several 

appendiculate lobes or teeth. 

3. Leaf (measured from keel) usually 3. Leaf longer (measured from keel) 
shorter than wide, widest little above than wide, widest near the apex, + 
base, broadly and obliquely obovate- obovate, to oblong-obovate. 
orbicular, rarely obovate. 

4. Postical base of dorsal lobe, above 1. Postical base of dorsal lobe, above 
the basal lobule more or less dilated, lobule, nearly straight or concave, not 
the margin convex. dilated. 

5. Cellular papillae less pronounced, the 5. Cellular papillae very coarse, the mar- 
leaf margins less crenulate in appear- gins of the lobes crenulate with coarse 
ance; sacs at base of dorsal lobe with- crenulations; sacs distinctly «rmed 
out cellular papillae. with cellular papillae. 

6. Cilia of leaf margins narrow-based, 6. Cilia of leaf margins in part broad- 
1 (-2) cells broad at base. based and 3-5 cells wide, grading into 


laciniae. 
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protuberance, and (in extreme cases) armed along the peripheral borders 


{ 
of the leaves in a similar fashion on the inner (adaxial) surface of the cells; 
submarginal cells ca. 16—-17.5 »; median cells ca. 15-18 x 16.5-20 yp», with an 
coarse and often confluent trigones, the trigones often very large and he- ble 
coming quadrate. lol 

Distribution.—Found only in the vicinity of Driftwood Camp, near the ap 
headwaters of the Utukok River, north slopes of the De Long Mountains, lol 
Brooks Range, Alaska (approximately 68°53’ N. Lat., 161°10’ W. Long.), A 
August 4, 1951, W. C. Steere 16393 (in part; with Arnellia fennica, Holm- Ni 
grenia chrysea, Hypnum bambergeri, Oncophorus wahlenbergii, Ditrichum 
flericaule and Calliergon turgescens) ; August 11, 1951, W. C. Steere 16771 
(with Tomenthypnum nitens and Cynodontium alpestre) ; August 12, 1951, Ur 


W. C. Steere 16791 (with Holmgrenia chrysea, H. stricta, Tortella tortuosa, 
Ctenidium molluscum, Drepanocladus brevifolius, Cirriphyllum cirrosum 
; W. C. Steere 16801, August 12, 1951, Typg 
(with Hypnum bambergeri, Ctenidium molluscum and Tomenthypnum A 
nitens); W. C. Steere 16824, August 14, 1951; W. C. Steere 16863, August 
15, 1951; W. C. Steere 16885, August 15, 1951. 


and Distichium inclinatum ) 


Ecology.—Growing as prostrate mats or as single stems, over mosses or i 
colonizing bare; somewhat caleareous, silty soil in moist depressions be- H 
tween tussocks of sedges and grasses, on a gradually sloping, northwest- 
facing hillside east of the Utukok River. The very dark color gives this 5 
hepatic a unique aspect in the field, even with the naked eye, and the mar- “ 
ginal cilia of the leaves, easily seen with a hand-lens, indicated at once to y 
the collector a species previously unknown in North America. Unfortunately, 
even after a prolonged search over several days, no perianths or other repro- 8 
ductive structures of this remarkable hepatic could be found. ' 

The Driftwood Creek area has a bryophyte flora of unusual bryogeo- 
graphic interest and, with more field work, still further critical species are § 
certain to be discovered there (Steere, 1953). As evidence for this statement, 
we can cite the presence at Driftwood, often in abundance, of Hygrolejewnea ‘ 


alaskana (type locality), Mesoptychia sahlbergii, Frullania jackii, Radula 
prolifera, Scapania simmonsii, Lophochaete fryei, Bryobrittonia pellucida, 
a still undescribed species of Pterigoneurum, Trichostomum cuspidatissi- 
mum, Trematodon brevicollis, Aulacomnium acuminatum, Encalypta apo- 
physata, Voitia hyperborea, Cinclidium latifolium, Mnium andrewsianum, 
Funaria polaris, Philocrya aspera, Claopodium pellucinerve, Gollania den- 
sepinnata, Hypnum procerrimum, Seligeria polaris, and other bryophytes 
of exceptional bryogeographie significance in Alaska. 
Differentiation.—This distinctive taxon cannot be confused with any 
other North American hepatic, except perhaps with Porella vernicosa ssp. 
faurieri (Steph.) M. Hara. This plant, as is pointed out both by Ando 
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(1955, p. 59) and Hara (1956, p. 26), is the same taxon erroneously reported 
as ‘‘Porella laevigata var. killarniensis’’ from Attu Island, Alaska, by Frye 
and Clark (1947, in 1937-47). Both the Porella vernicosa and the Ascidiota 
blepharophylla subsp. alaskana possess spinous-ciliate margins of the lobes, 
lobuli and underleaves; in both the lobes are strongly convex, with the 
apices deflexed. The papillose-armed cells, the presence of basal pockets of 
lobe, lobuli and underleaves, and the fuseous to black-brown color of the 
Ascidiota serve effectively to separate it from Porella vernicosa. 
New YorK BoraNIcAL GARDEN, 

New YORK 

AND 

UNIVERSITY OF MASSACHUSETTS, 

AMHERST 
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NATURALIZATION OF ERAGROSTIS CURVULA (Weeping Lovegrass) IN 
NEW JERSEY 


Davip E, FAIRBROTHERS 


Eragrostis curvula (Schrad.) Nees. is known in the seed trade as Weeping Love- 
grass. It was introduced into the United States from South Africa and first cultivated 
as an ornamental grass. It has been found to be useful in erosion control and has shown 
promise of being valuable in revegetation of grasslands in the southeastern and south- 
western parts of the U. 8S. It has been used for both pasture and hay in these areas 
(Pohl, 1954). 

This grass was described by Nees von Esenbeck in 1841 and was based on Poa 
curvula as described by Schrader in 1821. 

[ first discovered this grass in September, 1955, growing on the banks of the Garden 
State Parkway one mile north of the Mullica River, Burlington County, New Jersey. It 
had been part of the grass planting established on the overpass banks of the parkway 
in 1953. I also found this species growing in Atlantic and Ocean Counties in 1956 and 
Monmouth County, New Jersey, in 1958. All the introductions in New Jersey that I 
have discovered were started by the maintenance crews of the Garden State Parkway. 

This introduced grass has become aggressive in these areas and in October of 1959 
had spread approximately 1.0-3.5 miles from the original planting sites. In the Burling- 
ton County area it has spread approximately 2.0 miles across the salt marsh on gravel 
outwash from the parkway. 

This species has been sent to me nine times in the last three years for identification 
by persons considering it to be part of the native flora. It has persisted and competed 
with the native grass vegetation for at least seven years in New Jersey. The invading 
habit of this grass since 1953 suggests that Eragrostis curvula is becoming part of the 
grass flora growing without cultivation in this state. 

Fernald (1950) and Gleason (1952) did not inelude this species, and Chase (Hiteh- 
cock, 1950) indicated the spontaneous occurrence of this grass was restricted to Florida, 
Texas, and Arizona in the United States. Even though the species is included in Hiteh- 
cock’s Manual, it is difficult to key the species because of the morphological variation 
of the New Jersey specimens. A large majority of the specimens from New Jersey have 
less than fifteen florets per spikelet and open panicles at fruiting time. This combination 
of characteristics makes it difficult to arrive at E. curvula using Hitchecock’s key. 

Kucera (1954) reported this species becoming established without cultivation in 
Howell County, Missouri, and Raven (1955) reported the spontaneous occurrence of this 
species from Contra Costa County, California. 

The following date and distribution information were obtained from the material 
on deposit in the U. 8. National Herbarium, Smithsonian Institution, Washington, D. C. 
The specimens were collected from grass nurseries, experimental stations, state and 
federal parks, or from erosion control areas, 

Arkansas, 1948; Arizona, 1937, 1938; California, 1910, 1944; Florida, 1922, 1931, 

1935, 1937; Georgia, 1954; Maryland, 1954; Mississippi, 1907, seeds from Pretoria, 

So. Africa, collected by J. Burtt Davy in 1905; Oklahoma, 1948, 1951; Texas, 1937; 

Virginia, 1906, seed from Africa. 

This information indicates that the original seeds came to the U. 8S. from Africa and 
have been grown in the United States since approximately 1905. 

Nielsen (1939) reported the somatic chromosome number to be 2n=40 and de Wet 

(1954) reported the somatic chromosome number to be 2n=50 for this species. 
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The difficulty involved in identifying this grass with the available information 
and the lack of knowledge of the morphological variation of this species caused me to 
decide to perform statistical studies of four (85 plants) New Jersey populations. These 
population studies were made in 1957, 1958 and 1959 to determine the range of variation 


for seven morphological characteristics. The means (X), standard deviations (o) and 


standard errors (S,) 


TABLE 1. The 


County. All length and width measurements are given in millimeters. 


range 


are 


presented in Table 1 and form the basis for most of the 
description of this species included herein. 


of variation for seven quantitative 


characteristics of Eragrostis 
curvula from four populations (85 plants) in New Jersey. Thirty individuals were studied from 
Burlington County, twenty from both Atlantic and Ocean Counties, and fifteen from Monmouth 


Characteristics X a S> x 6 s- xX o S- X e S> 
Atlantie Co. Burlington Co. Monmouth Co. Ocean Co. 

No. florets 

per spikelet 10.15 2.03 0.45 6.63 0.23 0.04 10.00 1.56 0.40 9.00 1.19 0.43 
Spikelet 1. 10.40 1.19 0.27 6.52 0.21 0.04 9.87 1.60 041 8.05 1.67 0.37 
Lemma 1. 2.14 0.13 0.03 2.49 0.07 0.01 2.18 0.08 0.02 2.02 0.31 0.07 
Palea 1. 1.99 0.19 0.04 230 0.09 0.02 205 0.09 0.02 1.89 1.56 0.35 
Caryopsis 1. 115 0.09 0.02 1.26 0.09 0.02 1.14 0.03 0.01 1.09 0.09 0.02 
Caryopsis w. 0.71 0.04 0.01 0.75 0.02 0.00 0.71 0.08 0.02 0.63 0.06 0.10 
Embryo 1. 0.65 0.07 0.02 0.68 0.05 0.01 0.69 0.08 0.02 0.61 0.10 0.02 


Description: Tufted perennials, 58-184 em tall; upper sheaths keeled, glabrous or 
sparsely hairy and lower sheaths densely hairy at least at the bases, blades flat when 
young becoming involute, attenuate and areuate at the tips, 35-125 em long; panicles 
19-36 em long, 1-2 branches except the lowermost with 2-4, ascending before flowering 
and often spreading at fruiting, at least lower branches pilose on the pulvini, branches 
naked at the bases; spikelets with 5-14 (9) florets, 5-13 (8.7) mm long, gray or gray- 
green; lemmas 1.8—2.6 (2.2) mm long, nerves prominent, often very short hairs; paleas 
1.6-2.4 (2.1) mm long; caryopses 1.0-1.5 (1.2) mm long, 0.5-0.9 (0.7) mm wide; embryos 
0.5-0.8 (0.66) mm long, dark brown—black; somatic chromosome number 40 and 50, 
Flowers early August to mid-October. Illustrations of this species are included in Hitch- 
eock’s Manual, 1950, p. 168 and Pohl, 1954, p. 38. 

This species can be observed at the following locations in New Jersey: (1) Road- 
side of the Garden State Parkway 0.4 mi. south of the Mullica River, Atlantic County; 
2) Roadside of U. S. Route #9 1.7 miles south of New Gretna, Burlington County; (3) 
Roadside of Garden State Parkway 4.3 miles south of Toms River, Ocean County; (4) 
Roadside of Garden State Parkway 1.2 miles southeast of Allaire, Monmouth County 
(this small population was nearly destroyed in 1959 by construction workers). 

Raven (1955) indicated that this species is similar to E. chloromelas, another in- 
troduced African species. Eragrostis chloromelas is only briefly mentioned in Hitch- 
cock’s Manual, and I have not seen any reports of this species growing spontaneously 
in the United States. Pohl (1954) indicated that specimens of EZ. curvula with rela- 
tively smooth sheaths may be confused with EF. trichodes, or specimens of E. trichodes 
with hairy sheaths may be confused with EZ. curvula. Eragrostis trichodes is restricted to 
the central states. This study was sponsored by Research Council Grant #298. Botany 
Department, Rutgers—The State University, New Brunswick, N. J. 
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. New York 


LocaL FLora Notes 


Mr. Joseph Monachino has accepted appointment to the Local Flora Committee 
for the purpose of aiding it in the critical study of plant material from the local range, 


* * = * * 7 


The article by John A. Small in the November—December issue of Torreya titled 
“Symplocarpus foetidus” commends itself as an example of the type of study that 
can also be undertaken by interested amateurs and botany students under the guidance 
of their instructors. It is local in nature, it does not consume an extensive period of 
time and it contributes to our knowledge of a phase of the life history of one of our 
native species. Much has been written concerning the life history of our crop plants 
and weeds but the literature is limited in respect to native species. An “Outline for 
Ecological Life History Studies of Herbaceous Plants” appeared in the July 1952 issue 
of “Ecology” and it can be used as a guide by anyone interested in further pursuance 
of this subject. 


* * * * * 


On April 26, 1959 Jim MeGrath guided a group on a trip to Sparta, New Jersey 
(unreported in Torreya) where a station for Cardamine Douglassii was found. Mr. 
Monachino says “The Cardamine Douglassii station is an excellent one because the 
species grows there in abundance. In addition, it was in optimum bloom at the time 
of our visit. It is distinguished in Gleason’s key (New Illustrated Flora) from the closely 
related C. bulbosa by its ‘pink-purple’ flowers; but we saw intangibly intergrading 
variation in flower color ranging from purplish to almost white. A white flowered form 
has been deseribed ‘forma albidula Farw.’; our field observation seems to indicate that 
the form is merely an extreme of an intergrading series. The ‘hirsute’ versus ‘glabrous’ 
stem key-character used by Fernald (8th ed. Gray’s Manual) to distinguish the two 
srecies seems also to break down in some cases. It is recommended that some interested 
person visit the station and draw a critical account in the field on the characterization 
and variation in C. Douglassii.” 

* * * * * * 

These columns afford the Local Flora Chairman an opportunity to thank the 
staff of the New York Botanical Garden for their assistance and cooperation in his 
present and continuing study of the flora of Rockland County, New York. Particular 
thanks is given to Drs. Cowan, Cronquist, Alexander, Keck, Steere; Messrs. Monachino, 
McKeever, and Miss Hall, the librarian—J. Harry LEHR 





* * * * * * 


A new bibliography of vegetation literature, covering nine northeastern states, is 
available on request from the Institut Botanique de L’Universite de Montreal, 4101 est, 
rue Sherbrooke, Montreal 36, Canada. The bibliography, “A cartographic guide to 
selected regional vegetation literature—where plant-communities have been described. 
Part I. Northeastern United States,’ contains approximately 450 titles selected and 


1961 


ann 
bee 
arr 
JAC 


20 


an 
exe 
the 
ac 
lat 
fir 
th 


co 
80 
du 







































L, 87 


Y ork 


ates, 


ents, 
ages 


Bot. 


ttee 
nge, 


tled 
that 
ince 
| of 
our 
ints 
for 
sue 
nee 


‘sey 
Mr. 

the 
ime 
ely 
ing 
orm 
hat 
us’ 
two 
ted 
ion 


the 
his 
lar 
no, 


is 
ast, 
to 
ed. 
nd 





1960] TORREYA 219 


annotated by Dr. Frank E. Egler. The names of localities in which the vegetation has 
been deseribed are shown on outline maps of each of the nine states. The references are 
arranged geographically, first by state and then by locality within each state.— 
Jack McCorMICcK. 


Book REvVIEws 


Radiation, Genes, and Man. By Bruce Wallace and Th. Dobzhansky. 
205 pp. Henry Holt and Co., New York. 1959. $3.25. 


The purpose of the distinguished authors of this. book has been to present simply 
and clearly to non-specialists the effects on man of man-controlled radiation, not as 
exemplified in individuals by the holocaust of Hiroshima, but its conjectured effects on 
the qualities and attributes of future generations after continued use. The discussion 
accordingly links the essential facts of radiation with those of population genetics. The 
latter is an emergent concept, deeply indebted to Dobzhansky. Wallace has been the 
first to explore the effects of radiation on interbreeding (‘mendelian’) communities of 
the best available experimental animal, Drosophila. 

The technological and industrial revolution of Western Europe which is now be- 
coming all but universal at least in the dreams of nations, has produced unimagined 
sources of non-human energy. The refinement of technology and the expansion of in- 
dustry have been accompanied and fostered by an unprecedented and unealculated increase 
of population which requires for its survival still more and enlarged sources of energy. 
Atomic energy is the most recent and potent of these sources. Only its rapid employment 
and deployment offer a means of orderly survival of our geometrically expanding 
population. “And,” as the authors say, “if man is to survive, there is the appalling 
possibility that human nature itself will be deformed and wrecked by the misuse of this 
terrible new power.” Their thesis is that mankind cannot relinquish the use of this 
agent of both survival and destruction but must calculate the consequences of its use 
lest man become Caliban. They attempt an estimate, recognizing the inadequacy of 
present data. 

Remembering that man’s life, and even his thought, are genetically controlled in 
one way and another, the first part of the discussion presents the basic facts of heredity 
and the living processes that make each human an individual different from all others; 
able to survive or not, normal or not. The authors then deseribe a basic contributor to 
heredity, the fact of mutation. This chapter adumbrates the heart of their discussion 
for two reasons. Mutant genes may result in good or bad attributes, that is, 
they may enhance the ability of an individual to grow and reproduce, or they may so 
disrupt the balance of living processes that he will die or be variously malformed or 
malfunctional. This balance of complex forces that we know as an individual, represents 
the present frontier of man’s evolution. The great majority of mutations tend to throw 
this balance out of gear; very few are adaptive, and many are lethal. Second, mutations 
can be caused by radiation and their frequency can be increased by it. 

The authors then briefly discuss atoms and radiation, the induction of mutations 
by radiation and their desruptive effects on individual norms. Individual though we are, 
no one of us exists in a vacuum, isolated from all others. We are gregarious sexual 
beings and form interbreeding communities in space and time. An individual cannot 
therefore be regarded apart from the population in respect of his heredity, his po- 
tentials of reproductive survival and his genetic contributions to succeeding generations. 
The problem now is to estimate the fate of deleterious genes that become incorporated 
in a population. 

The genetics of a population are amenable to mathematical analysis because of the 
regularities of meiosis and fertilization. These regularities are expressed by the Hardy- 
Weinberg theorem, a model based on the assumption that each gene acts as an independent 
unit of inheritance. Mutant genes can be increased in frequency by radiation and can be 
increased still further or eliminated by natural selection. But the latter subsumes the 
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dynamic factors of a mendelian population, such as the structural character of a given 
genome, gene interactions within each, and the reactions of each phenotype with its 
environment. It seems doubtful that our means of analysis are sufficiently refined to 
deal with this complex of factors and whether we are now prepared to judge the effeets 
of sustained radiation on natural populations. 

Chapter 7 (The Genetie Effects of Radiation on Populations) which is the heart 
of the matter, is therefore bound to be disappointing to the nonspecialized reader who 
would suppose that here he might find a clue to the future effects of induced mutations, 

However this may be, the chapter consists of a theoretical statistical and algebraic 
exposition of the Hardy-Weinberg theorem, which all but ignores its biological limita- 
tions. It does not clarify the severe limitations on the use of this theorem that are im- 
posed by our knowledge of the effects on individual development by the unpredictable 
interactions of genes (or mutants) and chromosomes, and the multiplex interacting 
factors of population dynamics. Clues there are, but one wishes that the authors had 
more fully paraphrased their algebra, as Dobzhansky has so often done in previous 
discussions. They do say, however, that “the presently available understanding of popu- 
lation genetics is imperfect.” This is one more classic understatement. 

Undaunted, however, the authors suggest Some Unsolved Problems. One would hope 
that they would refer to what we might call the daily genetic life and economy of 
populations, those factors that will inevitably control gene flow and gene elimination, 
which is the heart of the problem. But their unsolved problems really boil down to one; 
the role of heterosis. This is important, no doubt, but it is moot. The questions of heterosis 
and the unqualified pursuit of the Hardy-Weinberg theorem are the aspects of this dis- 
cussion which are and have been most vigorously debated by geneticists. 

The book concludes with a brief survey of our present position. The need for research 
in genetics is emphasized: no geneticist would quarrel with this, even though he might 
want more research into the dynamics of particular populations. Should man consciously 
seek to control his own evolution? Man has been doing this for quite a while in one way 
or another. The pessimist might say that the results have not contributed greatly to 
the jollity of nations. But man is young. Whether now he will be minded to seize atomic 
power as a means of his evolution, whether he will employ it suecessfully—these are 
still shrouded by the mists of the future. 

In sum, Wallace and Dobzhansky have made a bold attack on one aspect of this 
Brave New World into which we are being hurled like a satellite. They would be the 
first to say, I am sure, that their attack has been limited by the simplified concepts of 
mutation and selection, as they have perforce described them in this brief volume, and 
by the oversimplified estimate of the effects of radiation that is now subsumed in the 
Hardy-Weinberg theorem. In short, there is no present answer, only the likelihood but 
not the certainty that the use of atomic energy will increase our genetic load of de- 
leterious genes, and the possibility that man may learn to control their accumulation.— 
CARL EPLING. 


Darwin’s Biological Work. Ed. by P. R. Bell. 343 pp. Cambridge Uni- 
versity Press. 1959. $7.50. 


Among the plethora of books which have appeared during the centenary year of 
the publication of Darwin’s Origin of Species, there have been relatively few whieh 
have contributed much to biological literature or to Darwinia. The present treatise is a 
series of essays which have as their unifying theme the various aspects of biology 
which were investigated by Darwin. It is interesting to note again the diversity of in- 
terests held by Darwin, but more than this it is interesting to compare Darwin's con- 
tributions with the succeeding phases of investigation. 

The six essays which comprise the volume are not of equal caliber or interest. 
Of the six, the least satisfying in every respect is the essay by J. Challinor entitled 
“Palaeontology and Evolution.” Very little effort was made to indicate the speeifie 
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contributions of Darwin, other than that he was a competent geologist and made ex- 
tensive use of fossil evidence in compiling his theory of evolution. The essay is a dry 
-atalog of fossil groups, and is far from stimulating in format or context. The disposition 
of fossil plant life in one paragraph (plus a footnote) is in strong contrast to the 
many pages devoted to zoological evidences. To complete the essay, a time table of 
geological periods is appended. 

The remaining five essays do correlate the earlier work by Darwin with the sub- 
sequent developments in each field. Each essay devotes a fair amount of space to 
historical background, and clearly points out the relative significance of Darwin’s works. 
Certainly he stimulated a great deal of investigation even when he did not arrive at 
many definite answers to problems. But, few of these problems have yielded definite 
answers in the intervening years. In most cases technological advances have been of 
great value in allowing the determination of biological problems. The essays are as 
follows: 


(1) “The Movement of Plants in Response to Light” by P. R. Bell. This is an interesting 
review of the chemistry and mechanisms pertaining to tropisms, Discussion of general 
problems of growth and development is included. 

(2) “Natural Selection” by J. B. S. Haldane. The author assumes evolution to be a 
historical fact, and then proceeds to examine two questions: (a) whether natural 
selection occurs, and (b) if so, whether it can account, wholly or in part, for evolution. 
In addition to brief descriptions of elementary genetics and certain biometric premises, 
the essay presents an analysis of various kinds of evidence for natural selection and its 
role in evolution. The one exception to Darwin’s conclusions has been found in studies of 
rapid speciation as a result of polyploidy, principally in plants. 

(3) “Developments in the Study of Animal Communication” by P. Marler, It was more 
than fifty years after the publication of Darwin’s The Expression of Emotions in Man 
and Animals in 1872 that animal behavior studies were approached again. Most of 
Darwin’s studies included domesticated animals, whereas current research is strongly 
involved in studies of wild species. According to Marler, the approaches which were 
suggested by Darwin regarding the origin of communication signals is still important 
in modern studies. The primary concern with visual signals has been amplified con- 
siderably by studies of chemical, auditory, and tuctile communication. There is an 
extensive review of various aspects of animal communication, especially bird songs, while 
studies such as those of von Frisch are simply mentioned since the material has been 
published in detail elsewhere. 

(4) “Cross- and Self-Fertilization in Plants” by H. L. K. Whitehouse. There is an 
extensive historical treatment of the subject, well interlaced with the particular 
contributions made by Darwin. There is a good general discussion of the topic, and its 
broad biological implications are brought out well. 

(5) “Buffon, Lamarek, and Darwin” by J. S. Wilkie. The essay presents a discussion 
of the contributions made by pre-Darwinian biologists to the elaboration of evolutionary 
theory. Their contributions were essential to the final presentation in the Origin of 
Species, but Darwin had the advantages of his times and the accumulation of data. 
The fact remains that it was Charles Darwin who completed the building of the theory 
and the massive accumulation of evidence, whether or not he gave due credit to his 


predecessors. 


The volume of essays is a contribution to the Darwinia of this year for several 
reasons, not the least of which is the emphasis on the tremendous intellectual impetus 
to experimental biology which was given by Darwin. In the words of the editor, 
“For a century and more biologists have drawn freely and profitably upon Darwin’s 
work, and his flashes of originality continue to stimulate his successors. It is for these 
reasons, . . . that Darwin occupies a unique place in the history of biology.”— 
CHARLOTTE J. AVERS. 
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Blakeslee: The Genus Datura. By Amos G. Avery, Sophie Satina and 
Jacob Rietsema. pp. 329, Ill. 318. The Ronald Press Company, New York. 
1959. $8.75. 


This book combines an historical record of a significant activity in the development 
of plant genetics, a summary of the results of many years of research on the genus 
Datura by A. F. Blakeslee and his associates, and a tribute to the man Blakeslee. It is 
interesting historically in that the studies span the period from 1912 to 1955, an early 
and swiftly rising period of laying foundations for genetics and cytogenetics. Two 
early milestones in Datura research were the determination of the nature of primary 
trisomic types in 1920 by Belling and Blakeslee, and the discovery in 1921 of a haploid 
Datura stramonium, the first reported among flowering plants. The cytogenetic ex- 
ploitation of balanced and unbalanced chromosomal types in Datura provided basie 
material, and classical textbook examples, elucidating this area of botanical science. 

The book is organized into fifteen chapters, each written by those most familiar 
with a particular aspect of the work. The introductory two contain a general history 
of Datura investigations followed by a review of the taxonomic history of the genus. 
The latter is helpful in providing an up-to-date version of Datura classification and in 
eliminating confusion caused by extensive synonymy. A chapter on alkaloids of Datura 
by Edward Leete furnishes a ready reference to this area of research which, although 
not directly related to that of the Blakeslee group, increases the scope and usefulnes 
of the book. 

The most geneally familiar aspects of the Datura work are in those parts of the 
book, written largely by A. G. Avery and Sophie Satina, which cover chromosome 
number and morphology, polyploidy, extra chromosomal types, gene mutations, ra- 
diation experiments, segmental interchanges, and the species problem. It seems unfor- 
tunate that, throughout the discussion on structural chromosomal hybrids, the meta- 
phase figures characteristically observed are still referred to in tems of attraction of 
like ends rather than, as is more generally accepted, resulting from prophase associations. 
An excellent discussion is presented by Sophie Satina on the use of periclinal 
cytochimeras to obtain precise information on the initiation and development of leaves 
and floral appendages. 

After Blakeslee’s retirement in 1941 from the Department of Genetics, Carnegie 
Institution of Washington, Cold Spring Harbor, he moved the Datura work to Smith 
College and established the Genetics Experiment Station. Here much attention was 
given to the growth of embryos in culture media. The results of the studies relating 
to seed development, growth processes in the embryo and seed, and barriers to cross- 
ability are competently summarized by J. Reitsema. 

Much of the significance of the Datura investigations lies in demonstrating the 
fruitfulness of bringing the techniques of many biological disciplines to bear on a broad 
but unified genetical study. The book will take its own unique place on the shelf beside 
genetical studies of other genera as Nicotiana, Gossypium, and Crepis that have ap- 
peared in book form. The publication as a whole is a personal tribute to Blakeslee: by 
those who labored to see it successfully completed, by E. W. Sinnott’s biographical 
sketch and foreword, and by the many who worked with Blakeslee as shown in the list 
of 228 publications from the group.—Haroip H. Smiru, Biology Department, Brook- 
haven National Laboratory, Upton, New York. 


Taxonomy of Flowering Plants. By C. L. Porter. xii + 452 pp. 600 figs. 
W. H. Freeman & Co., San Francisco. 1959. $6.75. 


Somewhere between the extensive and intensive course for taxonomists outlined 
by Constance, et al, (Plant Science Bulletin 4; January, 1958) and the taxonomy course 
aimed essentially at the identification of a certain number of local plants, lies the course 
in plant taxonomy designed for those undergraduates, in fields allied to botany, who will 
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presumably need some knowledge of taxonomy in their work. Porter’s book, “particularly 
aimed at undergraduate students in such practical fields of study as agronomy, range 
management, forestry, and wildlife management and conservation,” appears to be well 
aimed and should prove quite useful as a text for many of the service courses in plant 
taxonomy wherein are found the majority of the students who sign up for a course in 
“plant identification.” 

Part I (142 pages) presents a good digest of the usual information on the history, 
principles, literature, and methods of taxonomy. Each chapter is followed by a list of 
well selected references for further reading. A short chapter of 4 pages gives the 
student advice on the construction and use of keys. The chapter on phytography and 
terminology presents an appropriate selection of terms, most of which are well illustrated 
by the drawings of E. L. Gillespie. 

Part II (62 pages) concerns selected orders and families of monocotyledons and 
art III (214 pages) concerns selected orders and families of dicotyledons. The one 
hundred or more families treated in these two parts make possible some selection of 
material to fit individual requirements and still provide coverage of the families usually 
considered to be important, or interesting, to beginning students. 

The brief descriptions, cited examples, floral diagrams, and sketches of diagnostic 
characters given for each family should furnish the students adequate material on 
which to base their first taxonomie concepts. One disadvantage of the floral diagrams 
is the fact that in a few eases the diagrams seem to be more complex than the flowers 
they represent. 

The format is not crowded; usually the material for one family is given two or 
more pages. For families with special terminology, the inclusion of a well illustrated 
glossary of these terms along with the general family treatment is most helpful. The 
excellent photographs scattered through the latter two parts of the book serve not 
only as sourees of additional information but add some warmth to the esthetically 
sterile pages of floral diagrams and line drawings 

Although used by the author as a text for a year’s work in taxonomy, it is diffieult 
to see how this is done, considering the simplified nature of much of the material in 
Part I, without the constant use of the reference materials listed at the end of each 
chapter. Thus, contrary to one of the aims of the author in writing the book, one would 
still have to improvise text material for class work if this book were used for a two 
semester course.—C. RITCHIE BELL, Department of Botany, University of North Caro- 
lina, Chapel Hill, North Carolina. 


A Flora of Southern Illinois. By Robert H. Mohlenbrock and John W. 
Voigt. ix + 390 pages. Plates 1-10. Figs. 1-67. Southern Illinois University 
Press. 1959. $7.50. 


This is essentially a handy key-manual for the identification of all the vascular spe- 
cies and varieties, native and adventive, known from the twelve counties in the southern 
tip of Illinois. No standard deseriptions. County distributional records are given, except 
when unimportant. Special reference is made to Jackson County, for which specimens 
are cited. Flowering dates, brief comments and sparing synonymy are often added. No 
glossary, but there are ten plates on flower and leaf morphology; technical terms are 
generally avoided. The 67 photographs cannot help in identification; students requiring 
figures are simply referred to the line drawings in the three-volume Gleason’s New [llus- 
trated Flora. The artificial sequence of genera and species in the keys is followed in the 
text, appearing curiously illogical. 

The keys use a layman’s characters, like plant-habit and leaf-arrangement; the 
break-down to the 14 “sections,” aquatics, vines, ete., is particularly artificial. Usually 
the keys lead easily, clearly and unerringly to the families, genera, species and varieties. 
Some genera and species do not key out to the proper family; e.g. Arisaema, Smilax 
(tendrils), Dioscorea quaternata (leaves often opposite or whorled), Silene stellata 
(leaves “whorled’”), Decodon, Panax, Eryngium (“infl. not a true umbel”), Silphium 
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perfoliatum (“square-stemmed”), Tragopogon. The Umbelliferae appear under the lead 
petals “fused”; the Lythraceae, ovary “inferior.” 

The blurb on the jacket asserts: “Approximately 200 of the plants in the Flora are 
listed as collected in the region for the first time.” Does this mean that about 200 species 
appear in the Flora (1959) which are omitted for southern Illinois in the “Vaseular 
Plants of Illinois” by Jones et al. (1955)? Such indeed is the case with some species, 
e.g. Rumex patientia, Trifolium fragiferum, Perideridia americana, Stachys arenicola, 
But 200! Lrrespectively, the list is fully comprehensive and authenticated. The record of 
Ulmus serotina, based on Gleason’s Grand Tower collection, accepted by Jones, was 
rejected by the authors after corresponding personally with Dr. Gleason—which indicates 
how painstakingly matters of this sort were sifted. Attention, too, is given to the latest 
findings in nomenclature. For example O.ralis stricta in the sense of Fernald and Gleason 
is named O. dellenii. It is not, however, O. stricta in the original sense of Linnaeus, as 
the synonymy implies. See also similar confusion in Euphorbia maculata and Trillium 
gleasoni, Such minor misadvertances and the more serious ones in the keys will be easily 
corrected in time, however, and detract little from the general excellence of the Flora and 


its special value for the botany students of southern Illinois.—JosePH MONACHINO, The 
New York Botanical Garden, New York 


Illustrated Flora of the Pacific States. Washington, Oregon, and Cali- 
fornia. By LeRoy Abrams and Roxana Stinehfield Ferris. In four volumes. 
Volume IV. Bignonias to Sunflowers. viii + 732 pages, figs. 4945-6069, with 
key to the families and complete index to genera, species, synonymy, and 
common names of the plants described in the four volumes. Stanford Uni- 
versity Press, Stanford, Calif. 1960. $17.50.* 


The publication of volume 1V of “Abrams’ Flora” marks the completion—after 
nearly half a century of sustained effort—of the most ambitious and comprehensive 
study ever devoted to the plants of western North America—probably to any part of the 
whole continent. The first volume, covering the vascular plants from ferns to birthworts 
according to the Englerian sequence, appeared in 1923, and was reprinted with minor 
corrections in 1940. The second volume, from buckwheats to kramerias, was published in 
1944, and the third, from geraniums to figworts, in 1951. Together, this set of four vol- 
umes admirably fulfills the aim stated in the introduction to the first volume: To furnish 
an authentie reference book which will be of greatest service not only to the trained 
botanist but to everyone interested in the native plant life of the Pacific States, This is 
a botanical classic which should be on the shelves of every high school, college, and 
publie library on the West Coast and available in every laboratory concerned with the 
identity of Pacific Coast plants throughout the world. 

The magnitude of the task undertaken by the senior author is likely to be unappre- 
ciated by persons unfamiliar with the complexities of the area covered and its flora. 
The altitude varies from 276 feet below sea level in Death Valley to the summit of Mt. 
Whitney at 14,495 feet; the precipitation, from an annual average of less than 2 inches 
in the rain shadow of the Sierra Nevada to more than 150 inches on the seaward side of 
the Olympic Peninsula in Washington. The overall climates extend from subtropical in 
the south, with 365 frost-free days each year, to subcontinental at the higher elevations 
and toward the northeast. The area is divided by two parallel mountain chains from north 
to south, the inner one unbroken except at two places for a distance of more than 1,000 
miles. The Pleistocene glaciation touched only the extreme northern fringe and locally in 
the mountains, The flora is as complex as the topography, climate, and geological history 
permit and forms an intricate mosaic of genera and species a large percentage of which 
are endemic only to a small portion of the area. The number of species admitted, accord- 
ing to the numbered figures, is 6,069 for the three states. This may be compared with the 


* Earlier volumes available at the same price. 
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5,523 species accepted in the eighth edition of Gray’s Manual for the whole of central and 
northeastern United States and adjacent Canada, but this comparison is misleading. A 
more accurate basis for comparison would be the “New Britton and Brown Illustrated 
Flora,” but no summary of species listed in that work has been found. It is the reviewer's 
estimate that on a comparable basis there are nearly fifty per cent more species in the 
three Pacific States than in the Gray’s Manual range. 

For his critical and scholarly analysis of this flora, LeRoy Abrams (1874-1956) 
stands pre-eminent among American botanists of his generation. Although his earlier 
work was profoundly influenced by the precepts of the Brittonian school, he, like Britton, 
modified these precepts with sound taxonomic judgment into a result which is still highly 
acceptable. A comparison of Abrams’ treatments of Allium and Calochortus, published 
in the 1923 volume, with the reviewer’s present-day knowledge of these genera in the area 
covered reveals an insight into these genera far beyond that encountered in any other 
work. Of 46 species of Allium recognized (one merely noted), 38 stand today unchanged, 
4 require a changed name or status, and 4 have proven to be untenable. Eight species 
were unknown to Abrams. Of 42 species of Calochortus (one in a note), 34 stand un- 
changed, 6 require a changed name, 2 are untenable, and 7 must be added. These are 
large, difficult, and historically confused genera, and a 74 per cent accuracy after nearly 
forty years is truly a phenomenal score. 

The junior author has been associated with this undertaking almost from its incep- 
tion. Her assistance was acknowledged in the preface to volume I. She contributed to 
the text of volumes II and III. Hers has been the major responsibility for the completion 
of the work. In this task, she has had the assistance of a number of able contributors. 
But the fact is that Roxana Stinehfield Ferris alone must be given major credit for the 
completion of this great work at the same high level established in the first three volumes, 
Abrams’ Flora is unsurpassed in American floristic literature, and this final volume 
accurately presents our knowledge of the groups and area covered as of the year 1960. 

The volume under review accepts 217 genera and 1,125 species and ineludes keys 
for their identification. Each species is illustrated with a line drawing from the gifted 
pen of Jeanne Russell Janish or of Doris Holmes Blake. Although his name does not 
appear as author of any section, the treatment of the Compositae (most of the volume) is 
based in part on extensive notes and unfinished manuseript provided by the late Sidney 
Fay Blake, who originally planned to contribute the text for this family. Other contribu- 
tors include R. W. Holm, C. B. Heiser, D. D. Keck, A. J. Cronquist, M. A. Nobs, G. H. 
Ward, C. W. Sharsmith, J. T. Howell, K. L. Chambers, and Q. Jones. In addition to the 
species accepted, keyed, described, and illustrated, countless other proposals are disposed 
of as recognized subspecies or varicties, synonyms, or mentioned in notes. The volume 
as a whole is singularly free from typographical errors and gross errors in taxonomic 
judgment. Truly, here is a reference which will be standard for a long time to come.— 
MARION OwNBEY, Washington State University, Pullman. 


The Morphology and Anatomy of American Species of the Genus 
Psaronius. By Jeanne Morgan. 108 pp. University of Illinois Press. Illinois 
Biological Monographs, No. 27. 1959. Paperbound, $3.00; clothbound, $4.00. 


It has been a long wait for a definitive study of the Paleozoic fern genus Psaronius 
in the Western Hemisphere. This wait has been amply rewarded by the appearance of 
Dr. Morgan’s monograph, a significant event in American paleobotany. It is an authori- 
tative and comprehensive treatment of these complicated and perplexing petrified fern 
stems. In spite of the fact that her study is based primarily on North American forms, it 
contributes considerably to our knowledge of the morphology of the entire genus. 

Although first deseribed in 1832, Psaronius has remained, until now, a formidable 
genus as far as our understanding of its structure is concerned. For this study, Dr. 
Morgan has assembled an imposing colleetion of stem fragments, some of them with 
exquisite preservation. The large number of specimens has enabled her to surmise changes 
m stems of these arborescent ferns from the base to more nearly apical regions. Lower 
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parts of the stems apparently were narrow, with few stelar cycles, a small number of 
rows of leaves, and spiral leaf arrangement. At higher levels of the obconical stem, the 
number of stelar cycles had increased, more rows of leaves were present, and there was, 
at least in some species, a change to a whorled leaf arrangement. Her description of 
changes which occurred in the ontogeny of these plants graphically demonstrates the 
difficulties in basing identification on only a few specimens. In this monograph, the 
author also presents additional information on the famous and enigmatic Psaronius 
brasiliensis. 

A new and credible interpretation of the nature of the “root mantle” around the 
stem is suggested. The author believes that the material among the adventitious roots is 
parenchyma, and that it resulted from a proliferation of living cells in the root cortices 
and stem periphery. 

As a result of her review of previously described American species, and the presen- 
tation of some new forms, Dr. Morgan recognizes P. Giffordii, P. pertusus, P. Blicklei, 
P. melanedrus, and P. Chasei from North America, and P. brasiliensis from South Amer- 
ica. A thorough restudy of European forms on the same bases used in this investigation 
would undoubtedly reduce the number of “species” described by European workers. 

The monograph is a technical one intended primarily for morphologists and mor- 
phological paleobotanists. A glossary has been provided to make understanding easier 
for non-morphologists. Unfortunately, in an effort to simplify the glossary, a few errors 
have crept in. For example, “siphonostele” and “solenostele” are not different structures, 
but two words for one and the same thing. Few would regard “‘sphenophylis” as ancestors 
of scouring rushes. 

Aside from these and a few other minor blemishes (figure 75, showing the surface 
of a Psaronius stem, is upside down), the monograph is sound and attractively printed. 
The Illinois Biological Monographs series has added yet another impressive entry to its 
already impressive list of works. Quality of paper is high; printing is clear and pleasant; 
there are many fine illustrations admirably reproduced. The spectacular frontispiece, 
depicting a reconstruction of a Psaronius plant, should serve as the model for a host of 
future reproductions.—THEODORE DELEVORYAS, Department of Botany, Yale University, 
New Haven, Connecticut. 


Sedum of the Trans-Mexican Volcanic Belt: An Exposition of Taxo- 
nomic Methods. By Robert T. Clausen. Comstock Publishing Associates, 
Cornell University Press, Ithaca, New York, 1959, $7.75. 


In the New Systematics (1936) Julian Huxley pointed out that the taxonomist 
needs to make more measurements and to present his results statistically. The botanist 
has sadly lagged behind the zoologist in this regard. Moreover, in the past the taxonomist 
only infrequently has discussed his methods with the result that his work was often 
poorly understood by the non-taxonomist. Clausen has admirably taken care of both of 
these items in his treatment of Sedum of the Trans-Mexican Volcanic Belt. For over 24 
years he has been accumulating information on Sedum, and a staggering amount of 
meticulous measurement has gone into his work. 

In his introduction he sets up ten propositions which have served as a working 
hypothesis, and follows this with a general treatment of his methods with particular 
emphasis upon the field work, population sampling, and cultural work. The second chapter 
which treats the history of Sedum of the region is perhaps the least valuable in the book. 
More information about the genus as a whole might have been substituted. The excellent 
discussion of the geology of the Trans-Mexican Voleanic Belt in the third chapter pro- 
vides a proper background for understanding the high degree of endemism in the group. 

The next chapter which constitutes the bulk of the book is the treatment of the 28 
native species, some with subspecies, of the area. For each species he begins with a sum- 
mary of distinctive features and follows this with measurements for over 20 characters, 
in fact for nearly every character to which a linear measurement can be applied. The 
measurements, for the most part, are given for living plants in the field and for plants 
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cultivated at Ithaca. The number of plants studied, the number of observations of the 
characteristic in the whole sample, and the observed range of variation are given for each 
character. Although there is considerable discussion given on sampling in the introduction 
and in one of the concluding chapters, very few details are given here on the statistical 
method employed. It is not clear, for example, why the mean of the number of observa- 
tions is given rather than the mean of the averages for each plant. Whether or not the 
difference between means is significant is brought out in the sections on variation which 
follow the deseription. A discussion of nomenclature, distribution and ecology, usually 
including soil pH, and relationship is given for each species. The drawings by Elfriede 
Abbe for the species are excellent, and there are also numerous fine photographs. 

A short chapter on the species of Sedum cultivated in the Trans-Mexican Voleanie 
Belt is also included. Although the author states that he devoted little attention to the 
cultivated species, he is to be commended for having devoted far more attention to them 
than would have most taxonomists. 

Keys for both flowering and fruiting material of the native species and of the culti- 
vated spec'es are provided in the next section. Other genera of the Crassulaceae are 
wisely included in the first key. The keys are designed for use with living plants which 
for this group appear to be most appropriate. The major choices in the key for the 
most part are based upon such characters as petal color, nectary color, and leaf arrange- 
ment whereas quantitative characters become more important for separating closely re- 
lated species. Most species appear to be separated by good contrasts except for S. hems- 
leyanum and S. ebracteatum which are separated solely by the fact that the former has 
leaves from 4-13 mm. wide and the latter from 8-28 mm. wide. 

In the chapter on relationships of particular interest is the discussion of the absence 
of hybridization. Although detailed searches for hybrids were made, and 15 species were 
observed growing close enough together to permit hybridization, not a single interspecific 
hybrid was found. On the other hand, two and possibly three intergenerie hybrids with 
Villadia were encountered. These hybrids were apparently sterile, but it is of interest 
that barriers to hybridization are better developed between species than between genera. 
Although he maintains Villadia for its practical value he admits the existence of the 
problem of whether or not it is a “good” genus. No attempts at artificial hybridization 
were made, although it seems that with so many species under cultivation he had excellent 
opportunities for doing so. It is also disappointing to see so little about the “floral biol- 
ogy” included. Insects pollinate the flowers and appear to be indiscriminate in their 
visits. But we do not know if the species are self pollinated or cross pollinated or both. 
Measurements of seeds for some species under cultivation are not given and one wonders 
if the plants failed to produce seed. Here again a few simple pollination experiments in 
the greenhouse would have perhaps produced information helpful in understanding the 
variation pattern. The discussion on morphological relationships is quite refreshing, 
since, unlike many taxonomists, he doesn’t claim to know all the answers. Certain condi- 
tions of the plants are recognized as specializations largely as a matter of practical, 
common sense. The discussion about chromosomes, however, is somewhat frustrating, 
for we learn that Dr. Uhl has counted the chromosomes of 23 of the species and that a 
variety of numbers exists, but we are not permitted to know them. 

The penultimate chapter is a discussion of methods in which comparisons are made 
with previous treatments of the group. We are not surprised to learn that a study of 
living plants is superior to a study of dried specimens, and that dried, leaves do not give 
reliable estimates of the size of living leaves. The final chapter provides a useful sum- 
mary of the work and general conclusions. The ten propositions set up in Chapter I are 
considered, and some of these might have been expanded to include ideas of others on 
these topics. A gazetteer, bibliography, and an index complete the book. 

The work viewed as a whole is somewhat different from any taxonomic study known 
to this reviewer. The two keys, the most complete descriptions, and the drawings should 
certainly make it a most useful work for identification of Sedum from the area. As to 
the mass of measurements and statistical work involved, one might well ask the same 
question that G. G. Simpson raised in his review of Olson and Miller’s “Morphological 
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Integration” (Science 128: 138. 1958), “Was it worth it?” It is evident that the author 
thinks so, but some readers may disagree with him. While to produce good taxonomie 
work one need not go to such lengths as he has, it would certainly be desirable if more 
taxonomists would go at least part of the way. The book certainly deserves to be eare- 
fully read by taxonomists. Since it sells for $7.75, most of them will probably use their 
library’s copy.—CHARLES B, HEISER, JR. 


Plant Pathology, An Advanced Treatise. Vol. I, The Diseased Plant. 
Edited by J. G. Horsfall and A. E. Dimond. 674 pages. Academic Press, New 
York and London. 1959. $22.00. 


This book is the first of three volumes whose purpose is “to present an integrated 
synthesis of the parts of plant pathology.” Another contribution to the growing volume 
of review or “synthesizing” books is most welcome in this age when it is difficult to keep 
abreast of the ever rising flood of publications. 

Contributors to The Diseased Plant are internationally recognized authorities who 
evaluate rather than merely review their assigned topic. The editors discuss in the first 
chapter the diseased plant, distinguish between the “art” and “science” of pant pathol- 
ogy, and otherwise clarify their terminology and the organization of the book. The next 
three chapters are: Scope and contributions of plant pathology, by J. G. Ten Houten; 
History of plant pathology, by G. W. Keitt; How sick is the plant?, by K. Starr Chester. 

The organization of the next six chapters follows the growing tendency to classify 
diseases by the processes disturbed rather than by the causal organisms. The editors 
selected six pathological processes for consideration: tissue is disintegrated, growth is 
affected, reproduction is affected, host is starved, water is deficient, and respiration is 
altered. These are ably presented by Akhtar Husain and Arthur Kelman, Armin C. Braun, 
Antonio Cicearone, C. Sempio, D. Subramanian and L. Saraswathi-Devi, and Ikuzo Uritani 
and Takashi Akazawa, respectively. The interesting topics covered in the remaining chap- 
ters are: Histology of defense in plants, by S. Akai; Physiology and biochemistry of 
defense by Paul J. Allen; Hypersensitivity, by K. O. Miiller; Predisposition, by C. E. 
Yarwood; Therapy, by F. L. Howard and J. G. Horsfall. 

Volume IT will emphasize the pathogen, and Volume III will cover the diseased popu- 
lation of plants, epidemies and their control. 

Unfortunate is the price of this book. The creative worker, for whom the treatise is 
designed, would certainly like to have his own copy to read and digest at his leisure, but 
the price of the book will certainly be prohibitive to many. Scientific discoveries in plant 
pathology and contributing sciences will continue at an aecelerated pace, and at least 
parts of the present volume will soon need revision and reinterpretation. For this reason 
many of us will leave such expensive books as The Diseased Plant for the library to pur- 
chase. Once on the library shelf the book may not receive the attention it deserves.— 
EUGENE H. VARNEY, Department of Plant Pathology, Rutgers University, New Brunswick, 
New Jersey. 
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160-162. 18 Dee 1959. 

Pohl, Richard W. Morphology and cytology of some hybrids between Elymus 
canadensis and E. virginicus. Proce. Iowa Acad. 66: 155-159. 18 Dee 1959. 

Radford, Albert E. Species of Carex new to the flora of North or South Caro- 
lina. Jour. Elisha Mitchell Soe. 75: 139-147. Nov 1959. 

Ramseur, George 8S. A natural stand of Rhododendron x Wellesleyanum Waterer 
ex Rehder in the southern Appalachians. Jour. Elisha Mitchell Soe. 75: 
131. Nov 1959. ; 

Raven, Peter H. Calyptridium Parryi in Baja California. Leafl. West Bot. 
9: 71. 11 Dee 1959. 

Raymond, Marcel. Additional notes on some 8S. E. Asiatie Scirpus. Nat. 
Canad. 86: 225-242. Nov 1959. 

Rollins, Reed C. The American Cruciferae of Sessé and Mocifio. Rhodora 62: 

‘ 11-20. 22 Jan 1960. 

Rubtzoff, Peter. Concerning Lychnis Coronaria in California. Leafl. West. Bot. 

9: 70. 11 Dee 1959. 

Rubtzoff, Peter. On the smooth-spiked form of Bromus mollis in Marin County 
and San Francisco. Leafl. West. Bot. 9: 67, 68. 11 Dee 1959. 

Rzedowsky, J. Salsola kali var. tenuifolia, una peligrosa maleza exética que 
esta extendiéndose hacia el centro de México. Bol. Soe. Bot. Méx. 24: 
53-59. Nov 1959. 

Sharma, Arun Kumar & Bhattacharyya, Nripendra Kumar. Further investi- 

| gations on several genera of Umbelliferae and their interrelationships. 

Genetica 30: 1-62. pl. 1-5. 1959. 

Shinners, Lloyd H. Liatris tenuis n. sp. (Compositae), another endemic in 
southeastern Texas. Southw. Nat. 4: 207, 208. 15 Dee 1959. 

Shinners, Lloyd H. Species of Berendtia Gray (Serophulariaceae: not Goep- 
pert, fossil Myrsinaceae) transferred to Berendtiella. Southw. Nat. 4: 
208, 209. 15 Dee 1959. 

Shinrers, Lloyd H. Species of Laphamia transferred to Perityle (Compositae- 
Helenieae). Southw. Nat. 4: 204-206. 15 Dee 1959. 

Smith, Ernest C. A study of leaf variability in the water oak, Quercus nigra 

L. Southw. Nat. 4: 206, 207. 15 Dee 1959. 

Smith, Harold & Daly, Kevin. Discrete populations derived in interspecific 
hybridization and selection in Nicotiana. Evolution 13: 476-487. Dee 1959. 
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Straw, Richard M. Los Penstemon de México. I. Sobre la confusién entre 
Penstemon lanceolatus y Penstemon tmberbis |P. apateticus, sp. nov. |. 
Bol. Soe. Bot. Méx. 24: 30-52. Nov 1959. 

Tsitsin, N. V. & Lubimova, V. F. New species and forms of cereals derived 
from hybridization between wheat and couch grass. Am. Nat. 93: 181-191, 
Jun 1959. 

Turner, B. L. & Alston, Ralph. Segregation and recombination of chemical con- 
stituents in a hybrid swarm of Baptisia laevicaulis x B. viridis and their 
taxonomie implications. Am. Jour Bot. 46: 678-686. 18 Nov 1959. 

Van Bruggen, Ted. A report on the flora of southcentral Iowa. Proce. Iowa 
Acad. 66: 169-177. 18 Dee 1959. 

Wagenknecht, Burdett L. Note on Elaeagnus commutata. Rhodora 62: 29. 
Jan 1960, 

Williams, Louis O. Guttiferae from middle America. Trop. Woods 111: 
15-18. Oct 1959. 

Wilson, Kenneth A. The genera of the Arales in the southeastern United States. 
Jour. Arnold Arb, 41: 47-72. 15 Jan 1960. 

Wood, C. E. & Channell, R. B. The genera of the Ebenales in the southeastern 
United States. Jour. Arnold Arb. 41: 1-35. 15 Jan 1960. 


MORPHOLOGY 


(including anatomy and cytology in part) 


(See also under Plant Physiology: MaeQuarrie & Maltzahn) 


Carlquist, Sherwin. Wood anatomy of Helenieae (Compositae). Trop. Woods 
111: 19-39. Oct 1959. 
Christiansen, Maryl N. & Moore, R. P. Seed coat structural differences that 
influence water uptake and seed quality in hard seed cotton. Agron. 
Jour. 51: 582-584. Ocet 1959. 
Dawes, Clinton J. & Bowler, Edwin. Light and electron microscope studies of 
the cell wall structure of the root hairs of Raphanus sativus. Am. Jour. 
Bot. 46: 561-565. 20 Oct 1959. ' 
Duncan, Wilbur H. Leaf variation in Liquidambar styraciflua L. Castanea 24: | 





99-111. Sep [Nov] 1959. 

Eaton, George W. Twin ovules in Prunus avium L. Canad. Jour. Bot. 37: 
1203-1205. pl. 1. Nov 1959. 

Foster, Adriance S. The morphological and taxonomic significance of dichoto 
mous venation in Kingdonia uniflora Balfour f. et W. W. Smith. Notes 
Bot. Gard. Edinb, 23: 1-12. pl. 1, 2. 1959. 

Furman, Thomas E. The structure of the root nodules of Ceanothus sanguineus 
and Ceanothus velutinus, with special reference to the endophyte. Am. 
Jour. Bot. 46: 698-703. Dee 1959. 

Goos, Roger D. Spermatium-trichogyne relationship in Gelasinospora calospora 
var, autosteira. Mycologia 51: 416-428. Mai-Jun [Dec] 1959. 

Herr, J. M. The development of the ovule and megagametophyte in the genus 
Ilex L. Jour. Elisha Mitchell Soe. 75: 107-128. Nov 1959. 

Hulbary, R. L. & Rao, A. Nagaraja. Flower development and gametogenesis 
in Oenothera laciniata Hill. Proe. Iowa Acad. 66: 91-97. 18 Dee 1959. 
Johnston, George W. Further evidence of some so-called abnormalities in the 
development of the male gametophyte of angiosperms. Phytomorphology 

9: 130-133. Jul [Oct] 1959. 
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Kamra, Om P. & Nilan, R. A. Multi-ovary in barley. Floral anatomy and 
embryo-sac development. Jour. Hered. 50: 159-165. Jul-Aug [Dee] 1959. 

Lingappa, Yamuna. Sexuality in Physoderma pulposum Wallroth. Mycologia 
51: 151-158. Mar-Apr [Nov] 1959. 

Mahlberg, P. G. Development of the non-articulated laticifer in proliferated 
embryos of Euphorbia marginata Pursh. Phytomorphology 9: 156-162. 
Jul [Oct] 1959. 

Mahlberg, P. G. Karyokinesis in the non-articulated laticifers of Nerium 
oleander L. Phytomorphology 9: 110-118. Jul [Oct] 1959. 

Maksymowych, Roman. Quantitative analysis of leaf development in Xanthium 
pensylvanicum. Am. Jour. Bot. 46: 635-644. 18 Nov 1959. 

Mann, Louis K. The Allium inflorescence: some species of the section Molium. 
Am. Jour. Bot. 46: 730-739. Dee 1959. 

Medellin Leal, F. Anatomia floral y embriogenia en Dioscorea galeottiana 
Kunth. Acta Ci. Potos. 3: 9-52. 1959. 

Poddubnaya-Arnoldi, V. A. Study of fertilization and embryogenesis in certain 
angiosperms using living material [Orchidaceae]. Am. Nat. 93: 161-169. 
Jun 1959. 

Politis, John. Cytological observations on the production of anthocyanins in 
certain Solanaceae. Bull. Torrey Club 86: 387-393. 23 Dee 1959. 

Raper, John R. Schizophyllum umbrinum Berkeley in culture. Mycologia 51: 
474-476. Mai—Jun [Dec] 1959. 

Sarkar, Anjali. Nuclear phenomena in the life cycle of Ganoderma lucidum 
(Leyss. ex Fr.) Karst. Canad. Jour. Bot. 37: 59-64. 16 Jan 1959. 

Schieferstein, R. H. & Loomis, W. E. Development of the cuticular layers in 
angiosperm leaves. Am. Jour. Bot. 46: 625-635. 18 Nov 1959. 

Setterfield, G., Stern, H. & Johnston, F. B. Fine structure in cells of pea and 
wheat embryos. Canad. Jour. Bot. 37: 65-72. pl. 1-10. 16 Jan 1959. 
Vanterpool, T. C. Odspore germination in Albugo candida, Canad. Jour. Bot. 

37: 169-172. pl. 1. 19 Mar 1959. 

Voelker, Bruce R. & Cutter, Elizabeth G. Experimental and analytical studies 
of pteridophytes. XXXVIII. Some observations on spiral and bijugate 
phyllotaxis in Dryopteris aristata Druce. Ann. Bot. Il. 23: 391-396. 
Jul 1959. 

Whaley, W. Gordon, Kephart, Joyce E. & Mollenhauer, Hilton H. Develop- 
mental changes in the Golgi-apparatus of maize root cells. Am. Jour. Bot. 
46: 743-751. 19 Dee 1959. 

Wiggins, Ira L. Development of the ovule and megagametophyte in Sazifraga 
hieracifolia. Am. Jour. Bot. 46: 692-697. 19 Dee 1959. 

Yager, Robert E. Abscission zone anatomy, development, and separation in 
Nicotiana tabacum. Proe. Iowa Acad. 66: 86-90. 18 Dee 1959. 


GENETICS 
(including cytogenetics) 


(See also under Plant Physiology: Isaac & Abraham) 


233 


Adams, M. W. & Shank, D. B. The relationship of heterozygosity to homeo- 


stasis in maize hybrids. Genetics 44: 777-786. Sep [Nov] 1959. 


Alikhanian, 8. I. et al. Genetics of organisms producing tetracylines. Ann. 


N. Y. Acad. 81: 914-949. 30 Sep 1959. 


Allard, R. W. & Clement, W. M. Linkage in lima beans. Jour. Hered. 50: 


63-67. Mar-Apr [Oct] 1959. 





| 
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Alston, Ralph E. Physiology and the 
Genetica 30: 261-277. 1959. 
Bistis, G. N. Pleomorphism in the 

Mai-—Jun [Dee] 1959. 

Bonner, David M. Introduction [to geneties of 
Aead. 81: 809, 810. 30 Sep 1959. 

Bradley, S. Gaylen. Cross-resistance patterns of mutants resistant to Strepto- 
myces phages. Mycologia 51: 125-131. Mar-Apr | Nov] 1959. 

Bradley, 8. G. Mechanisms controlling variation in Streptomycetes. Ann. N. Y. 
Acad. 81: 899-906. 30 Sep. 1959. 

Bradley, S. G., Anderson, D. L. & Jones, L. A. Genetic interactions within 
heterokaryons of Streptomycetes. Ann. N. Y. Acad. 81: 811-823. 30 
Sep 1959. 

Braendle, Donald H. & Szybalski, Waclaw. Heterokaryotiec compatibility, meta- 


bolie cooperation, and genie recombination in Streptomyces. Ann. N. Y. 
Acad. 81: 824-853. 30 Sep 1959. 

Celarier, Robert P. & Mehra, K. L. Desynapsis in the Andropogoneae. 
Buenos Aires 12: 131-138. Jul 1959. 
Chao, Chuan Ying. Heterotice effects of a 
Genetics 44: 657-677. Jul [Oct] 1959. 


Phyton 
chromosonal segment in maize. 


Clark, J. B. Radiation as a cytogenetic tool [in Nocardia]. Ann, N. Y. Acad, 
81: 907-912. 30 Sep 1959. 

Clarkson, Quentin D. Field studies of natural hybridization in the Oregon 
species of Jris L. subsection Californicae Diels. Madroftio 15: 115-122. 
Oct 1959. 

Coe, E. H. A line of maize with high haploid frequency. Am. Nat. 93: 381, 
382. Nov 1959. 

Creech, R. G. & Kramer, H. H. Gene interaction 
Agron. Jour. 51: 642-644. Nov 1959. 

Culp, Thomas W. Inheritance and association of oil and protein content and 


in Ricinus communis, L. 


seed coat type in sesame, Sesamum indicum L. Genetics 44: 897-909. 
Sep [Dec] 1959. 

Edwardson, J. R. & Corbett, M. K. A macromutation in yellow lupine (Lupinus 
luteus L.). Jour. Hered. 50: 166-170. Jul-Aug [Dec] 1959. 

Graham, K. M., Niederhauser, J. S. & Servin, Leopoldo. Studies on fertility and 
late blight resistance in Solanum bulbocastanum Dun. in Mexico. 
Jour. Bot. 37: 41-49. 16 Jan 1959. 


Hagen, Charles W. Influence of genes controlling flower color on relative quan- 


Canad. 


tities of anthocyanins and flavonols in petals of Impatiens balsamina. 
Genetics 44: 787-793. Sep [Nov] 1959. 

Hanson, W. D. The breakup of initial linkage blocks under selected mating sys- 
tems. Genetics 44: 857-868. Sep [Nov] 1959. 

Hanson, W. D. Early generation analysis of lengths of heterozygous chromo- 
some segments around a locus held heterozygous with backerossing or 
selfing. Genetics 44: 833-837. Sep [Nov] 1959. 

Hanson, W. D. Minimum family sizes for the planning of genetic experiments. 
Agron. Jour. 51: 711-715. Dee 1959. 

Hanson, W. D. Theoretical distribution of the initial linkage block lengths 


intact in the gametes of a population intermated for n_ generations. 
Genetics 44: 839-844. Sep [Nov] 1959. 


inheritance of anthocyanin pattern, 
dermatophytes. Mycologia 51: 440-452, 
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Hopwood, D. A. Linkage and the mechanism of recombination in Streptomyces 
coelicolor. Ann, N. Y. Acad. 81: 887-898. 30 Sep 1959. 

Jain, S. K. Fitting the negative binomial distribution to some data on asynap- 
tic behaviour of chromosomes [in Secale and Allium]. Genetica 30: 108- 
122. 1959. 

Janick, Jules, Mahoney, D. L. & Pfahler, P. L. The trisomics of Spinacia 
oleracea. Jour. Hered. 50: 46-50. Mar-Apr [Oct] 1959. 

Kikudame, Gary V. Studies on the phenomenon of preferential segregation in 
maize. Genetics 44: 815-831. Sep [Nov] 1959. 

Koo, F. K. S. Expectations on random occurrence of structural interchanges 
between homologous and between non-homologous chromosomes. Am. Nat. 
93: 193-199. Jun 1959. 

Larson, Ruby I. Cytogenetics of solid stem in common wheat. I. Monosomic F, 
analysis of the variety S-615. Canad. Jour. Bot. 37: 135-156. 16 Jan 1959. 

Lindegren, Carl C. & Pittman, David. The “all-or-none” nature of X-ray in- 
duced backmutation at the melezitose locus in Saccharomyces. Genetica 
30: 169-189. 1959. 

McClung, Norvel M. Variability in Streptomycetes. Ann, N. Y. Acad. 81: 
879-886. 30 Sep 1959. 

Mitchell, Mary B. Detailed analysis of a Neurospora cross. Genetics 44: 847 
856. Sep [Nov] 1959. 

Mohamed, Aly H. Inheritance of quantitative characters in Zea mays. I. Esti- 
mation of the number of genes controlling the time of maturity. Genetics 
44: 713-724. Jul [Oct] 1959. 

Nelson, R. R. Genetics of Cochliobolus heterostrophus. I11. Genetie factors in- 
hibitiing ascus formation. Mycologia 51: 132-137. Mar-Apr [Nov] 1959. 

Peterson, Peter A. Linkage of fruit shape and color genes in Capsicum. Genet- 
ices 44: 407-419. Mai [Aug] 1959. 

Price, Sam. Chiasma terminalization in a structural heterozygote in Secale. 
Genetics 44: 705-712. Jul [Oct] 1959. 

Rasmusson, D. C. & Schaller, C. W. The inheritance of resistance in barley to 
the yellow-dwarf virus. Agron. Jour. 51: 661-664. Nov 1959. 

Rivers, George W. Inheritance of resistance to Helminthosporium blight, crown 
rust race 216, and stem rust race 7A in oats. Agron. Jour. 51: 601-603. 
Oct 1959. 

Sagawa, Yoneo & Mehiquist, A. L. Some X-ray induced mutants in the carna- 
tion, Dianthus caryophyllus. Jour. Hered, 50: 78-80. Mar-Apr [Oct] 1959. 

Saito, Hiuga & Yonosuke, Ikeda. Cytogenetic studies on Streptomyces griseo- 
flavus. Ann. N. Y. Acad. 81: 862-878. 30 Sep 1959. 

Sermonti, G. Genetics of penicillin production. Ann. N. Y. Acad. 81: 950- 
973. 30 Sep 1959. 

Sermonti, G. & Morpurgo, G. Action of manganous chloride on induced somatic 
segregation in Penicillium chrysogenum diploids. Genetics 44: 437-447. 
Mai [Aug] 1959. 

Sermonti, G. & Spada-Sermonti, Isabella. Genetics of Streptomyces coelicolor, 
Ann. N. Y. Acad. 81: 854-861. 30 Sep 1959. 

Sprague, G. F., Russell, W. A. & Penny, L. H. Further studies on convergent 
improvement in corn. Genetics 44: 341-346. Mai [Aug] 1959. 

Stadler, David R. Gene conversion of cysteine mutants in Neurospora, Genetics 
44: 647-655. Jul [Oct] 1959. 
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Swaminathan, M. 8S. & Natarajan, A. T. Cytological and genetic changes in- 

dueed by vegetable oils in Triticum. Jour. Hered. 50: 177-187. Jul Aug 
Dee 1959. 

Takahashi, Toshiaki & Ikeda, Yonosuke. Bisexual mating reaction in Sae- | 
charomyces chevalieri. Geneties 44: 357-382. Mai [Aug] 1959. 

Tsunewaki, Koichiro. A ring chromosome in an F, hybrid between wheat and 
Agropyron. Canad. Jour. Bot. 37: 1271-1276. pl. 1, 2. Nov 1959. 

Tsunewaki, Koichiro & Heyne, E. G. Radiological study of wheat monosomies, 
I. Differential sensitivity of monosomic X and the disomic to X-irradiation, 
Geneties 44: 933-946. II. Differential sensitivity of 16 monosomies and the 
disomie to a single dosage of X-irradiation. 947-954. Sep [Dee] 1959. 

Van Schaik, Nancy Worner & Brink, R. Alexander. Transpositions of modula- 
tor, a component of the variegated pericarp allele in maize. Geneties 44: 
724-738. Jul [Oct] 1959. 





PLANT PHYSIOLOGY | 

Ansari, A. Q. & Loomis, W. E. Leaf temperatures. Am. Jour. Bot. 46: 713-717, 
19 Dee 1959, 

Arora, Nirmal, Skoog, F. & Allen, O. N. Kinetin-induced pseudonodules on 
tobacco roots. Am. Jour. Bot. 46: 610-613. 20 Oct 1959. 

Bannister, Thomas T. Photoreduction of chlorophyll a in the presence of ascor- 
bie acid in pyridine solutions. Pl. Physiol. 34: 246-254. Mai [Jul] 1959. 

Benson, A. A., Wintermans, J. F. G. M. & Wiser, R. Chloroplast lipids as earbo- 
hydrate reservoirs. Pl. Physiol. 34: 315-317. Mai [Jul] 1959. 

Biddulph, O., Cory, R. & Biddulph, Susann. Translocation of calcium in the bean 
plant. Pl. Physiol. 34: 512-519. Sep [Oct] 1959. 

Bishop, N. L., Nakamura, H., Blatt, J. & Vennesland, Birgit. Kinetics and 
properties of cytochrome e photooxidase of spinach. Pl. Physiol. 34: 
551-557. Sep [Oct] 1959. 


Bjornsson, Ida P. Responses of certain fungi, particularly Trichoderma sp., to 
light. Jour. Wash. Acad. 49: 317-323. 25 Nov 1959. 

Blass, U., Anderson, J. M. & Calvin, M. Biosynthesis and possible functional 
relationships among the carotenoids; and between chlorophyll a and chloro- 
phyll b. Pl. Physiol. 34: 329-333. Mai [Jul] 1959. 

Blinks, L. R. Chromatic transients in the photosynthesis of a green alga. PI. 
Physiol. 34: 200-203. Mai [Jul] 1959. 

Boll, William G. Evidence for negative feedback in the control of ethanolamine 
biosynthesis in excised tomato roots. Canad. Jour. Bot. 37: 1071-1088. 
Sep 1959. 








Brewer, D. Studies on slime accumulations in pulp and paper mills. Il. Physio- 
logical studies of Phialophora fastigiata and P. richardsiae. Canad. Jour. | 
Bot. 37: 339-343. 13 Mai 1959. 

Briggs, G. E. Complexities of manometric measurement of changing rates of gas 


production. Pl. Physiol. 34: 222-224. Mai [Jul] 1959. 
Brody, Marcia & Emerson, Robert. The quantum yield of photosynthesis in 
Porphyridium cruentum, and the role of chlorophyll a in the photosynthesis } 


of red algae. Jour. Gen. Physiol. 43: 251-264. Nov [Dec] 1959. 
Brown, Allan H. & Weis, Dale. Relation between respiration and photosynthesis 


in the green alga, Ankistrodesmus braunii. Pl. Physiol. 34: 224-234. Mai 
Jul] 1959. 
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Brown, Claud L. & Wetmore, Ralph H. Auxin transport in the long shoots of 
pine. Am. Jour. Bot. 46: 586-590. 20 Oct 1959. 

Brown, Harry Darrow. Effects of respiratory inhibitors upon nectar secretion 
in Antirrhinum. Bull. Torrey Club 86: 290-295. 15 Oct 1959. 

Brown, Jeanette S. & French, C. Stacy. Absorption spectra and relative pho- 
tostability of the different forms of chlorophyll in Chlorella. Pl. Physiol. 
34: 305-309. Mai [Jul] 1959. 

Cantino, Edward C. & Horenstein, E. A. The stimulatory effect of light upon 
growth and earbon dioxide fixation in Blastocladiella III. Further studies, 
in vivo and in vitro. Physiol. Plant. 12: 251-263. 1959. 

Carpenter, W. D. & Beevers, Harry. Distribution and properties of isocitrase 
in plants. Pl. Physiol. 34: 403-409. Jul [Sep] 1959. 

Ching, Te May. Activation of germination in Douglas fir seed by hydrogen 
peroxide. Pl. Physiol. 34: 557-563. Sep [Oet] 1959. 

Cormack, R. G. H. The action of disodium versenate on the epidermal cells of 
living Brassica roots. Canad. Jour. Bot. 37: 33-39. 16 Jan 1959. 

Cormack, R. G. H. The effect of disodium versenate on the roots of tomato 
seedlings. Canad. Jour. Bot. 37: 1227-1232. Nov 1959. 

Coulombe, Louis-J. & Paquin, Roger. Effets de l’acide gibberellique sur le métab- 
olisme des plantes. Canad. Jour. Bot. 37: 897-901. Sep 1959. 

Crane, Frederick L. Isolation of two quinones with coenzyme Q activity from 
alfalfa. Pl. Physiol. 34: 546-551. Sep [Oct] 1959. 

Cumming, Bruce G. The control of growth and development in red clover (Tri- 
folium pratense L.). II. Light, temperature, and the influence of growth 
regulators. Canad. Jour. Bot. 37: 1027-1048. pl. 1—3. III. Endogenous dif- 
fusible auxin, 1049-1062. Sep 1959. 

Cutter, Victor M. Studies on the isolation and growth of plant rusts in host 
tissue cultures and upon synthetic media. I. Gymnosporangium. Mycologia 
51: 248-295. Mar-Apr [Nov] 1959. 

Dawson, J. R. O. & Street, H. E. Behavior in culture of excised root clones of 
red clover. Bot. Gaz. 120: 217-227. Jun [Aug] 1959. 

Dawson, J. R. O. & Street, H. E. Growth responses of excised roots of red 
clover. Bot. Gaz. 120: 227-234. Jun [Aug] 1959. 

Dotzenko, A. D. & Stegmeier, W. D. Pollen shedding in Russian wildrye grass. 
Agron, Jour. 51: 594, 595. Oct 1959. 

Dunleavy, John. X-ray irradiation of soybean seed as a technique for production 
of disease-resistant plants. Proc. Iowa Acad. 66: 113-122. 18 Dee 1959. 

Duysens, L. N. M. & Amesz, J. Quantum requirement for phosphopyridine 
nucleotide reduction in photosynthesis. Pl. Physiol. 34: 210-213. Mai [Jul] 
1959. 

Elliott, Ruth F. & French, C. Stacy. Germination of light sensitive seed in 
crossed gradients of temperature and light. Pl. Physiol. 34: 454-456. 
Jul [Sep] 1959. 

Ellingboe, Albert H. Studies on the growth of Phoma herbarum var. medica- 
ginis in culture. Phytopathology 49: 773-776. Dee 1959. 

Emmert, Fred H. Loss of phosphorus-32 by plant roots after foliar application. 
Pl. Physiol. 34: 449-454. Jul [Sep] 1959. 

Eppley, Richard W. Potassium accumulation and sodium efflux by Porphyra 

perforata tissues in lithium and magnesium sea water. Jour. Gen. Physiol. 

43: 29-38. Sep [Oct] 1959. 
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Ergle, David R. & Guinn, Gene. Phosphorus compounds of cotton embryos and 
their changes during germination. Pl. Physiol. 34: 476-481. Jul [Sep] 
1959. 

Fensom, D. 8. The bio-electric potentials of plants and their functional signifi- 
eance. III. The production of continuous potentials across membranes in 
plant tissue by the cireulation of the hydrogen ion. Canad. Jour. Bot. 37: 
1003-1026. Sep 1959. 

Fox, J. Eugene & Miller, Carlos. Factors in corn steep water promoting growth 
of plant tissues. Pl. Physiol. 34: 577-579. Sep [Oct] 1959. 

Frederick, Jerome F. Comparative evolutionary aspects of polyglucoside synthe- 
sizing enzymes. Physiol. Plant. 12: 511-517. 1959. 

French, Richard C. Formation of embryo starch during germination as an indi- 
eator of viability and vigor in heat-damaged barley. Pl. Physiol. 34: 500- 
505. Sep [Oct] 1959. 

Fuller, R. C. & Gibbs, Martin. Intracellular and phylogenetic distribution of 
ribulose 1,5-diphosphate carboxylase and D-glyceraldehyde-3-phosphate de- 
hydrogenases. Pl. Physiol. 34: 324-329. Mai [Jul] 1959. 

Galloway, R. A. & Krauss, R. W. Mechanisms of action of polymyxin B on 
Chlorella and Scenedesmus. PI. Physiol. 34: 380-389. Jul [Sep] 1959. 
Gaur, B. K. & Beevers, Harry. Respiratory and associated responses of carrot 
dises to substituted phenols. Pl. Physiol. 34: 427-432. Jul [Sep] 1959. 
Gibbs, Martin & Calo, Nona. Factors affecting light induced fixation of carbon 
dioxide by isolated spinach chloroplasts. Pl. Physiol. 34: 318-323. Mai 

[Jul] 1959. 

Gibbs, Martin & Earl, Joan M. Effect of tissue age on hexose metabolism. I. An 
enzyme study with pea root. Pl. Physiol. 34: 529-532. Sep [Oct] 1959. 
Grady, Evelyn E. & Wolf, Frederick T. The production of indole acetie acid 
by Taphrina deformans and Dibotryon morbosum. Physiol. Plant. 12: 

526-533. 1959. 

Graham, J. 8. D. & Young, L. C. T. Fixation of carbon dioxide in particulate 
preparations from barley roots. Pl. Physiol. 34: 520-526. Sep [Oct] 1959. 

Greenberg, J. B. & Galston, A. W. Tryptophan synthetase activity in pea seed- 

ling extracts. Pl. Physiol. 34: 489-494. Sep [Oct] 1959. 

Haber, Alan H. Rendering the germination of light-insensitive lettuce seeds 
sensitive to light. Physiol. Plant. 12: 456-464. 1959. 

Haber, Alan H. & Tolbert, N. E. Metabolism of C“-bicarbonate, P*-phosphate, 
or S*-sulfate by lettuce seed during germination. Pl. Physiol. 34: 376-380. 
Jul [Sep] 1959. 

Hageman, R. H. & Waygood, E. R. Methods for the extraction of enzymes 
from cereal leaves with especial reference to the triosephosphate dehydro- 
genases. Pl. Physiol. 34: 396-400. Jul [Sep] 1959. 

Halevy, A. H. & Asen, 8S. Identification of the anthocyanins in petals of tulip 
varieties smiling queen and pride of Haarlem. Pl. Physiol. 34: 494-499. 
Sep [Oct] 1959. 

Hammond, Bayard L. Effect of gibberellin, sodium hypochlorite, light, and 
planting depth on germination of guayule seed. Agron. Jour, 51: 621-623. 
Oct 1959. 

Harada, H. & Nitsch, J. P. Changes in endogenous growth substances during 
flower development. Pl. Physiol. 34: 409-415. Jul [Sep] 1959. 

Heaslip, Margaret B. Effects of seed irradiation on germination and seedling 
growth of certain deciduous trees. Ecology 40: 383-388. Jul 1959. 
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ind Hendricks, 8. B. & Borthwick, H. A. Photocontrol of plant development by 
p] the simultaneous excitation of two interconvertible pigments. II. Theory 

and control of anthocyanin synthesis. Bot. Gaz. 120: 187-193. Jun [ Aug] 
ifi- 1959. 


in Hill, Robin & Walker, D. A. Pyocyanine and phosphorylation with chloroplasts. 
37: Pl. Physiol. 34: 240-245. Mai [Jul] 1959. 
Hiller, R. G. & Whittingham, C. P. Further studies on the carbon dioxide burst 
vth in algae. Pl. Physiol. 34: 219-222. Mai [Jul] 1959. 
Hinkson, Jimmy W. & Vernon, Leo P. Comparison of three photochemical activi- 
1e- ties of chloroplasts. Pl. Physiol. 34: 268-272. Mai [Jul] 1959. 
Holm-Hansen, O., Pon, N. G., Nishida, K., Moses, V. & Calvin, Melvin. Uptake 
di- and distribution of radioactive carbon from labelled substrates by various 
- cellular components of spinach leaves. Physiol. Plant. 12: 475-501. 1959. 
Holt, A. Stanley. Reduction of chlorophyllides, chlorophylls and chlorophyll de- 
of rivatives by sodium borohydride. Pl. Physiol. 34: 310-314. Mai [Jul] 1959. 
le- Huffaker, R. C., Hall, D. O., Shannon, L. M., Wallace, A. & Rhoads, W. A. 
Effects of iron and chelating agents on dark carboxylation reactions in 
on plant homogenates. Pl. Physiol. 34: 446-449. Jul [Sep] 1959. 
Humphreys, T. E. & Dugger, W. M. Use of specifically labelled glucose and 
ot gluconate in the evaluation of catabolic pathways for glucose in corn roots. 
Pl. Physiol. 34: 580-582. Sep [Oct] 1959. 
on Isaac, Ivor & Abraham, G. H. Saltation and zonation formation in Verticillium 
lai lateritium. Canad. Jour. Bot. 37: 801-814. pl. 1, 2. Sep 1959. 


Jackson, W. T. Effect of pectinase and cellulase preparations on the growth 


An and development of root hairs. Physiol. Plant. 12: 502-510. 1959. 
King, J. R. The freeze-drying of pine pollen. Bull. Torrey Club 86: 383-386. 
‘id 23 Dee 1959. 
2: Kok, Beasel. Light induced absorption changes in photosynthetic organisms. IT. 
A split-beam difference spectrophotometer. Pl. Physiol. 34: 184-192. Mai 
“ [Jul] 1959. 


' Krogmann, David W. & Jagendorf, Andre T. Comparison of ferricyanide and 


2, 3’, 6-trichlorophenol indophenol as Hill reaction oxidants. Pl. Physiol. 
34: 277-282. Mai [Jul] 1959. 


ds Krogmann, David W., Jagendorf, Andre T. & Avron, Mordhay. Uncouplers of 
spinach chloroplast photosynthetic phosphorylation. Pl. Physiol. 34: 272- 
“ 277. Mai [Jul] 1959. 

Z Latimer, Paul. Influence of selective light scattering on measurements of ab- 
= sorption spectra of Chlorella. Pl. Physiol. 34: 193-199. Mai [Jul] 1959. 
me Lavorel, Jean. Induction of fluorescence in quinone poisoned Chlorella cells. 

Pl. Physiol. 34: 204-209. Mai [Jul] 1959. 
ip Leopold, A. C., Niedergang-Kamien, Ethel & Janick, Jules. Experimental modi- 
9. fication of plant senescence. Pl. Physiol. 34: 570-573. Sep [Oct] 1959. 
Levitt, J. Effects of artificial increases in sugar content on frost hardiness. 
d Pl. Physiol. 34: 401, 402. Jul [Sep] 1959. 
3. Lingappa, B. T. & Sussman, A. 8S. Endogenous substrates of dormant, activated 
and germinating ascospores of Neurospora tetrasperma. PI. Physiol. 34: 
.g 466-472. Jul [Sep] 1959. 


Lingappa, Yamuna & Sussman, A. S. Changes in the heat-resistance of asco- 
ig spores of Neurospora [tetrasperma] upon germination. Am. Jour. Bot. 46: 
671-678. 18 Nov 1959. 
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Linko, Pekka & Milner, Max. Enzyme activation in wheat grains in relation to 
water content. Glutamic acid—alanine transaminase, and glutamic acid de- 
carboxylase. Pl. Physiol. 34: 392-396. Jul [Sep] 1959. 

Lockhart, James A. A new method for the determination of osmotic pressure. 
Am, Jour. Bot. 46: 704-708. 19 Dee 1959. 

Lockhart, James A. Studies on the mechanism of stem growth inhibition by 
visible radiation. Pl. Physiol. 34: 457-460. Jul [Sep] 1959. 

Lockhart, James A. & Gottschall, Virginia. Growth responses of Alaska pea 
seedlings to visible radiation and gibberellic acid. Pl. Physiol. 34: 460- 
165. Jul [Sep] 1959. 

Loomis, W. D. Amide metabolism in higher plants. III. Distribution of glutamyl 
transferase and glutamine synthetase activity. Pl. Physiol. 34: 541-546. 
Sep [Oct] 1959. 

Lumry, Rufus & Rieske, John S. The mechanism of the photochemical activity 
of isolated chloroplasts. V. Interpretation of the rate parameters. PI. 
Physiol. 34: 301-305. Mai [Jul] 1959. 

Lybeck, Berthe Ruud. Winter freezing in relation to the rise of sap in tall 
trees. Pl. Physiol. 34: 482-486. Jul [Sep] 1959. 

McAnelly, Charles W. Free amino acids in the cultural media and cells of 
Fusarium solani f. phaseoli. Phytopathology 49: 734-737. Nov 1959. 
McClendon, John H., Woodmansee, C. W. & Somers, G. Fred. On the occur- 
rence of free galacturonic acid in apples and tomatoes. Pl. Physiol. 34: 

389-391. Jul [Sep] 1959. 

McCune, D. C. & Galston, A. W. Inverse effects of gibberellin on peroxidase ac- 
tivity and growth in dwarf strains of peas and corn. Pl. Physiol. 34: 416- 
418. Jul [Sep] 1959. 

McKinsey, Richard D. Glucose dissimilation in Ustilago maydis. Am. Jour. 

Bot. 46: 566-571. 20 Oct 1959. 

McLeod, G. C. & MacLachlan, Jack. The sensitivity of several algae to ultra- 
violet radiation of 2537 A. Physiol. Plant. 12: 306-309. 1959. 

McManus, Sister Mary Annunciata. Certain mitotic effeets of kinetin, gib- 
berellic acid, maleic hydrazide, and indoleacetie acid in onion roots. Proe. 
Iowa Acad. 66: 74-86. 18 Dee 1959. 

MacQuarrie, Ian G. & Maltzahn, Kraft E. von. Correlations affecting regenera- 
tion and reactivation in Splachnum ampullaceum (L.) Hedw. Canad. Jour. 
Bot. 37: 121-134. 16 Jan 1959. 

Meeuse, B. J. D. & Campbell, Jean M. An inhibitor of oxalic acid oxidase in 
beet extracts. Pl. Physiol. 34: 583-586. Sep [Oct] 1959. 

Meyers, Samuel P. & Reynolds, E. 8. Effects of wood and wood products on 
perithecial development by lignicolous marine Ascomycetes. Mycologia 51: 
138-145. Mar-Apr [11 Nov] 1959. 

Miller, Charles E. & Couch, John N. Lyophilization of the Actinoplanaceae. 
Mycologia 51: 146-150. Mar-Apr [11 Nov] 1959. 

Minshall, W. Harold. Effect of light on the extension growth of roots of frog- 
bit. Canad. Jour. Bot. 37: 1134-1136. Sep 1959. 

Misra, G. & Sahu, G. Physiology of growth and reproduction in rice. II. Effect 
of plant growth substances on three winter varieties. Pl. Physiol. 34: 441 
445. Jul [Sep] 1959. 

Moomaw, J. C., Nakamura, Martha T. & Sherman, G. Donald. Aluminum in some 
Hawaiian plants. Pacif. Sci. 13: 335-341. Oct 1959. 
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to Moreland, D. E., Gentner, W. A., Hilton, J. L. & Hill, K. L. Studies on the 
de- mechanism of herbicidal action of 2-chloro-4, 6-bis (ethylamino) -s-triazine. 
Pl. Physiol. 34: 432-435. Jul [Sep] 1959. 
re. Mortimer, D. C. Some short-term effects of increased carbon dioxide concentra- 
tion on photosynthetic assimilation in leaves. Canad. Jour. Bot. 37: 1191- 
by 1201. Nov 1959. 

Myers, Jack & Graham, Jo-Ruth. On the mass culture of algae. II. Yield as a 
ea function of cell concentration under continuous sunlight irradiance. PI. 
0- Physiol. 34: 345-352. Mai [Jul] 1959. 

Neish, A. C. Biosynthesis of pungenin from C*-labelled compounds by Colorado 
yl spruce. Canad. Jour. Bot. 37: 1085-1100. Sep 1959. 

6. Nelson, C. D., Perkins, Harold J. & Gorham, Paul R. Evidence for different 
; kinds of coneurrent translocation of photosynthetically assimilated C™ in 
ty i the soybean. Canad. Jour. Bot. 37: 1181-1189. pl. 1. Nov 1959. 
‘1. { Nickell, Louis G. & Tulecke, Walter. Responses of plant tissue cultures to gib- 
berellin. Bot. Gaz. 120: 245-250. Jun [Aug] 1959. 
ll 


Nieman, P. H. & Bernstein, Leon. Interactive effects of gibberellic acid and 

i salinity on the growth of beans. Am. Jour. Bot. 46: 667-670. 18 Nov 1959. 

Orgell, Wallace H., Vaidya, Kunda A. & Hamilton, Eugene W. Biosynthesis of 
cholinesterase-inhibitory substances from non-inhibitory dialkyl thiophos- 
phates by plant tissues. Proc. Iowa Acad. 66: 145-154. 18 Dee 1959. 

: Page, Robert M. Stimulation of asexual reproduction of Pilobolus by Mucor 

‘ plumbeus. Am. Jour. Bot. 46: 579-585. 20 Oct 1959. 

Passow, Hermann, Rothstein, Aser & Loewenstein, Barbara. An all-or-none 
response in the release of potassium by yeast celis treated with methylene 
blue and other basic redox dyes. Jour. Gen. Physiol. 43: 97-107. Sep 
[Oct] 1959. 

Perkins, Harold J., Nelson, C. D. & Gorham, Paul R. A tissue-autoradiographic 
study of the translocation of C™-labelled sugars in the stems of young soy- 
bean plants. Canad. Jour. Bot. 37: 871-877. pl. 1-3. Sep 1959. 

Pirson, A., Lorenzen, H. & Koepper, A. A sensitive stage in synchronized cul- 
tures of Chlorella. Pl. Physiol. 34: 353-355. Mai [Jul] 1959. 

Punnett, Thomas. Stability of isolated chloroplast preparations and its effect 
on Hill reaction measurements. Pl. Physiv!. 34: 283-289. Mai [Jul] 1959. 

Rabinowitch, Eugene. Primary photochemical and photophysical processes in 
photosynthesis. Pl. Physiol. 34: 213-218. Mai [Jul] 1959. 

Reeve, R. M. Histological and histochemical changes in developing and ripen- 
ing peaches. III. Catechol tannin content per cell. Am. Jour. Bot. 46: 
645-650. 18 Nov 1959. 

Rieske, John S., Lumry, Rufus & Spikes, John D. The mechanism of the pho- 
tochemical activity by isolated chloroplasts. III. Dependence of velocity 
on light intensity. Pl. Physiol. 34: 293-300. Mai [Jul] 1959. 

Robbins, William J. & Hervey, Annette. Wood extract and growth of Morchella. 
Mycologia 51: 356-363. Mai-Jun [Dee] 1959. 

Robson, Hope H., Budd, Matthew A. & Yost, Henry T. Comparison of the 
nucleic acid, total nitrogen, and protein nitrogen levels of normal and tumor 
tissue under similar growth conditions. Pl. Physiol. 34: 435-440. Jul 
[Sep] 1959. 

Sacher, Joseph A. Studies on auxin-membrane permeability relations in fruit 
and leaf tissues. Pl. Physiol. 34: 365-372. Jul [Sep] 1959. 
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Scholander, Susan I. & Kanwisher, Joan T. Latitudinal effect on respiration in 
some northern plants. Pl. Physiol. 34: 574-576. Sep [Oct] 1959. 

Sharpensteen, Helen & Galston, Arthur W. Investigations on a cofactor for the 
IAA oxidase of peas. Physiol. Plant. 12: 465-474. 1959. 

Shean, J. & Levitt, J. The uptake of ions by isolated potato tuber mitochon- 
dria. Physiol. Plant. 12: 288-298. 1959. 

Shifrine, M. & Phaff, H. J. Nutritional requirements of Saccharomycopsis gut- 
tulata (Robin) Schidnning. Mycologia 51: 318-328. Mai-Jun [Dec] 1959. 

Shrift, Alex. Nitrogen and sulfur changes associated with growth uncoupled 
from cell division in Chlorella vulgaris. Pl. Physiol. 34: 505-512. Sep [Oct] 
1959. 

Shuel, R. W. Studies of nectar secretion in excised flowers. II. The influence of 
certain growth regulators and enzyme inhibitors. Canad. Jour. Bot. 37: 
1167-1180. Nov 1959. 

Siegel, S. M. & Gerschman, Rebeca [sic]. A study of the toxie effects of ele- 
vated oxygen tension on plants. Physiol. Plant. 12: 314-323. 1959. 

Silva, Angelina Pérez. Accién antimicrobiana de algunos antibidticos extraidos 
de hongos superiores. Bol. Soc. Bot. Méx. 24: 1-13. Nov 1959. 

Smith, James H. C., Durham, Lois J. & Wurster, Charles F. Formation and 
bleaching of chlorophyll in albino corn seedlings. Pl. Physiol. 34: 340-345. 
Mai [Jul] 1959. 

Smillie, R. M. & Krotkov, G. Enzymie activities of subcellular particles from 
leaves. IV. Photosynthetic phosphorylation and photosynthesis by isolated 
chloroplasts from pea leaves. Canad. Jour. Bot. 37: 1217-1225. Nov 1959. 

Spoerl, Edward & Pullman, J. L. Effects of purines, pyrimidines and related 
compounds upon cell form in Ustilago sphaerogena. Am. Jour. Bot. 46: 
651-656. 18 Nov 1959. 

Straus, Jacob. Anthocyanin synthesis in corn endosperm tissue cultures. I. 
Identity of the pigments and general factors. Pl. Physiol. 34: 536-541. Sep 
[Oct] 1959. 

Sudia, Theodore W. Influence of temperature on the response of germinating 
barley grains to potassium gibberellate. Pl. Physiol. 34: 473-475. Jul 
[Sep] 1959. 

Sullivan, Charles Y. & Levitt, J. Drought tolerance and avoidance in two species 
of oak. Physiol. Plant. 12: 299-305. 1959. 

Sussman, A. S., Lowry, R. J. & Tyrrell, E. Activation of Neurospora ascospores 
by organic solvents and furans. Mycologia 51: 237-247. Mar-Apr [11 
Nov] 1959. 

Swanson, C. R. & Adams, M. W. Some metabolic responses of alfalfa seedlings 
to freezing. Pl. Physiol. 34: 372-376. Jul [Sep] 1959. 

Takamatsu, Ken, Nishimura, Mitsuo & Tamiya, Hiroshi. A pyridine nucleotid: 
eytochrome e¢ reductase isolated from chloroplasts. Pl. Physiol. 34: 
289-293. Mai [Jul] 1959. 

Thomas, G. W., Coleman, N. T. & Jackson, W. A. Influence of magnesium, 
potassium, and nitrogen nutrition on phosphoenolpyruvate-stimulated carbon 
dioxide fixation. Agron. Jour. 51: 591-594. Oet 1959. 

Thomson, Betty F. Far red reversal of internode stimulating effect of red light 
on peas. Am. Jour. Bot. 46: 740-742. 19 Dee 1959. 

Vickery, Hubert Bradford. Effect of light upon the behavior of citric acid in 
leaves of Bryophyllum calycinum Salisb. Pl. Physiol. 34: 418-427. Jul 
[Sep] 1959. 
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in | Walker, Waldo 8. A modification of the carbowax embedding technique for 
plant tissue. Proce. lowa Acad. 66: 81-85. 18 Dee 1959. 
he Wang, Dalton & Waygood, E. R. Effect of benzimidazole and nickel on the 
chlorophyll metabolism of detached leaves of Khapli wheat. Canad. Jour. 
> Bot. 37: 743-749. Sep 1959. 
Wassink, E. C. Efficiency of light energy conversion in plant growth. PI. 
“ Physiol. 34: 356-361. Mai [Jul] 1959. 
Weis, Dale & Brown, Allan H. Kinetic relationships between photosynthesis and 
d respiration in the algal flagellate, Ochromonas malhamensis. Pl. Physiol. 
34: 235-239. Mai [Jul] 1959. 
Weaver, Gerald M. & Hough, L. Frederic. Seedling growth studies of early- 
ripening peaches. I. Interrelationship between embryo maturity, growth sub- 
stances and seedling growth. Am. Jour. Bot. 46: 718-724. Dee 1959. 
Young, L. C. T. & Graham, J. 8S. D. Carbon dioxide fixation and salt uptake in 
particulate preparations from barley roots. Pl. Physiol. 34: 527-529. Sep 
[Oct] 1959. 
Zalokar, Marko. Growth and differentiation of Neurospora hyphae. Am. Jour. 
| Bot. 46: 602-610. 20 Oct 1959. 
Zucker, Milton. Alteration of the protein components and other constituents 
in the tobacco leaf by shading. Pl. Physiol. 34: 563-569. Sep [Oct] 1959. 


, PHYTOPATHOLOGY 
| ' (See also under Plant Physiology: Cutter, McAnelly) 
Athow, Kirk L. & Bancroft, J. B. Development and transmission of tobacco 
ringspot virus in soybean. Phytopathology 49: 697-701. 30 Nov 1959. 
Bancroft, J. B. & Kaesberg, Paul. Partial purification and association of fila- 
mentous particles with the yellow mosaic of bean. Phytopathology 49: 
713-715. 30 Nov 1959. 
Barksdale, Thomas H. Green ring mottle virus as an entity distinct from the 
sour cherry ring spot and yellows viruses. Phytopathology 49: 777-784. 
Dee 1959 [6 Jan 1960]. 
Baxter, L. W. & McGlohon, N. E. A method of freeing white clover plants of 
bean yellow mosaic virus. Phytopathology 49: 810, 811. Dee 1959 [6 Jan 
' 1960]. 
Bennett, C. W. Lychnis ringspot. Phytopathology 49: 706-713. 30 Nov 1959. 
Blaszczak, W., Ross, A. Frank & Larson, R. H. The inhibitory activity of plant 
juices on the infectivity of potato virus X. Phytopathology 49: 784-791. 
Dee 1959 [6 Jan 1960]. 
Buxton, E. W. & Perry, D. A. Pathogenic interactions between Fusarium oxy- 
sporum and Fusarium solani on peas. Brit. Mycol. Soe, Trans. 42: 378-387. 
Sep 1959. 

Davis, D., Becker, H. J. & Rogers, E. F. The chemotherapy of wheat and bean 
rust diseases with sydnones. Phytopathology 49: 821-823. Dee 1959 [6 
Jan 1960]. 

Flor, H. H. Differential host range of the monocaryon and the dicaryons of a 
eu-autoecious rust. Phytopathology 49: 794, 795. Dee 1959 [6 Jan 1960}. 

Frey, K. J. & Browning, J. A. Yield losses from a typical oat blast in central 
Iowa in 1957. Proce. Iowa Acad. 66: 129-136. 18 Dee 1959. 

Grabe, Don F. & Dunleavy, John. Physiologic specialization in Peronospora 

manshurica, Phytopathology 49: 791-793. Dee 1959 [6 Jan 1960]. 
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Grant, Theodore J. Tristeza virus strains in relation to different citrus species 
used as test plants. Phytopathology 49: 823-827. Dee 1959 [6 Jan 1960]. 

Hawn, E. J. Histological study on crown bud rot of alfalfa. 
sot. 37: 1247-1249. pl. 1. Nov 1959. 

Himelick, E. B. & Neely, Dan. Hyperparasitism of a powdery mildew fungus on 


the London plane tree. Phytopathology 49: 831, 832. Dee 1959 [6 Jan 
1960 |. 


Canad. Jour. 


Holmes, Francis O. Transmission of potato mottle virus to and from citrus 
plants by mechanical inoculation. Phytopathology 49: 729-731. 30 Nov 
1959. 

Hoppe, Paul E. Pythium species still living in muck soil air-dried six years. 
Phytopathology 49: 830, 831. Dee 1959 [6 Jan 1960}. 

Illman, W. I., Ludwig, R. A. & Farmer, Joyce. Anthracnose of canning tomatoes 
in Ontario. Canad. Jour. Bot. 37: 1237-1246. pl. 1-5. 30 Nov 1959. 

Jackson, Curtis R. Symptoms and host-parasite relations of the Alternaria leaf 
spot of cucurbits. Phytopathology 49: 731-733. 30 Nov 1959. 

Kendrick, J. B., Wedding, Randolph T. & Paulus, Albert O. A temperature 
relative humidity index for predicting the occurrence of bacterial soft rot 
of Irish potatoes. Phytopathology 49: 501-507. 30 Nov 1959. 

Lindner, R. C., Kirkpatrick, Hugh C. & Weeks, T. E. Comparative inhibition of 
virus multiplication by certain types of chemicals. Phytopathology 49: 
802-807. Dee 1959 [6 Jan 1960}. 

McIntosh, D. L. Collar rot of pear trees in British Columbia. 
49: 795-797. Dee 1959 [6 Jan 1960]. 

Meiners, J. P. & Waldher, J. T. Factors affecting spore germination of twelve 
species of Tilletia from cereals and grasses. Phytopathology 49: 724-728. 
30 Nov 1959. 

Parmeter, J. R., Hood, J. R. & Scharpf, R. F. Colletotrichum blight of dwarf 
mistletoe. Phytopathology 49: 812-815. Dee 1959 [6 Jan 1960}. 


Phytopathology 


Perry, D. A. Studies on the mechanism underlying the reduction of pea wilt by 
Fusarium solani f. pisi. Brit. Mycol. Soc. Trans. 42: 388-396. Sep 1959. 

Pine, T. S. Development of the grape dead-arm disease. Phytopathology 49: 
738-743. 30 Nov 1959. 

Riggs, R. D. & Winstead, N. N. Studies on resistance in tomato to root-knot 
nematodes and on the occurrence of pathogenic biotypes. Phytopathology 
49: 716-724. 30 Nov 1959. 

Rochow, W. F. Transmission of strains of barley yellow dwarf virus by two 
aphis species. Phytopathology 49: 744-748. 30 Nov 1959. 

Samborski, D. J. & Ostapyk, W. Expression of leaf rust resistance in Selkirk 
and exchange wheats at different stages of plant development. Canad. 
Jour. Bot. 37: 1153-1155. Nov 1959. 

Sander, Evamarie. Biological properties of red clover vein mosaie virus. Phyto- 
pathology 49: 748-754. 30 Nov 1959. 

Savile, D. B. O. Two little-known Ascomycetes attacking Filicales. 
51: 296-298. Mar—Apr [Nov] 1959. 

Schreiber, Lawrence R. & Green, Ralph J. The occurrence and prevalence of 
oak wilt in Indiana. Proce. Indiana Aead. 68: 110-115. 1959. 

Sher, S. A. A disease of carnations caused by the nematode Criconemoides 
xenoplax. Phytopathology 49: 671-673. 30 Nov 1959. 

62: 35-41. 1959. 
Sill, W. H. ¢é al. Kansas phytopathological notes: 1957. Trans. Kan. Acad. 


Mycologia 
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Silverman, William. The effect of variations in temperature on the necrosis as- 
sociated with infection type 2 uredia of the wheat stem rust fungus. Phyto- 
pathology 49: 827-830. Dee 1959 [6 Jan 1960]. 

Snyder, William G., Schroth, Milton N. & Christou, Theodosios. Effect of 
plant residues on root rot of bean. Phytopathology 49: 755, 756. 30 Nov 
1959. 

Stone, William J. Sesame blight caused by Helminthosporium sesami. Phyto- 
pathology 49: 815-817. Dee 1959 [6 Jan 1960]. 


Threinen, J. T.. Kommedahl, Thor & King, R. J. Hybridization between radia- 


tion-induced mutants of two varieties of Diaporthe phaseolorum. Phyto- 


pathology 49: 797-801. Dee 1959 [6 Jan 1960]. 


Whitehead, Marvin D. & Calvert, Oscar H. Helminthosporium rostratum incit- 


ing ear rot of corn and leaf-spot of thirteen grass hosts. Phytopathology 


49: 817-820. Dee 1959 [6 Jan 1960]. 


William, E. B. Botryosphaeria ribis on apple. Proc. Indiana Acad. 68: 108, 


109. 1959. 


Willison, R. S., Weintraub, M. & Tremaine, J. H. Serological and physical prop- 


erties of some stone-fruit viruses. I. Preparative and serological techniques. 


Canad. Jour. Bot. 37: 1157-1165. 30 Nov 1959. 
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MAXIMUM STORAGE 


I 
LiL 


HERBARIUM 
CASES 


NOW IN USE IN OVER 115 

UNIVERSITIES, BOTANICAL 

GARDENS, NATIONAL 
PARKS, ETC. 


since their introduction! 


SPECIFICATIONS 


STANDARD HERBARIUM 
841/,” High, 27-13/16” Wide, 
18-25/32” Deep 


JUNIOR MODEL HERBARIUM 
Lane Herbarium Case 40” High, 27-13/16” Wide, 


The Accepted Stand- 18-25/32” Deep 
ard for general use 


SOME USERS OF LANE HERBARIUM CASES 


New York Botanical Gardens State College of Washington Grand Canyon National Park 
Abilene Christian College Tulane University Olympic Notional Park 
Agricultural & Mechanical University of Alabama Hewoii National Park 
College of Texas University of Arizona Glacier National Park 
Duquesne University ~ University ef Arkansas Canisius College 
Fleride State University University of Chattoncoga Catholic University of Washington 
Georgia Teachers College University of Massachusetts Carleton College 
Levisiona Polytechnic Institute University of Idahe Emory University 
Leyela University University of Nevada U. S. Dept. of Agriculture 
Oklahoma Agricultural & University of Texas Oregon State College 
Mechanica! College University of Wisconsin Riverside Municipal Museum 
Southern Methodist University Washingten University Rutgers University 
Yale University 





